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were s y n t h e s i s e d  by l i n k i n g  a p h e n y l  r i n g  to  t h e  f l u o r e n e  co re  
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a t t e m p t e d  w i t h  o n ly  p a r t i a l  s u c c e s s ,  a g a i n  y i e l d i n g  n o n -  
m esogen ic  compounds. G en e ra l  a s p e c t s  o f  l i q u i d  c r y s t a l s  a r e  
r e v i e w e d  w i t h  s p e c i a l  r e f e r e n c e  t o  nem atogens  u s e f u l  i n  l i q u i d  
d i s p l a y s .
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1 .  I n t r o d u c t i o n .
1 •1  L i q u i d  c r y s t a l s  : a g e n e r a l  d e s c r i p t i o n .
The te rm  " l i q u i d  c r y s t a l "  r e p r e s e n t s  a s t a t e  o f  m a t t e r  
t h a t  i s  i n t e r m e d i a t e  be tw een  t h e  a l m o s t  p e r f e c t  l o n g  r a n g e  
p o s i t i o n a l  and o r i e n t a t i o n a l  o r d e r  in  s o l i d  c r y s t a l s  and t h e  
s t a t i s t i c a l  l o n g  r a n g e  d i s o r d e r  i n  i s o t r o p i c  l i q u i d s  and g a s e s .  
I t  i s  a g e n e r a l  t e r m ,  c o v e r i n g  a mmber  o f  d i f f e r e n t  s t a t e s  o f  
m a t t e r ,  and was f i r s t  i n t r o d u c e d  by Lehmann in  1889 .^  In  
o r d e r  t o  e m p h a s is e  t h e s e  s t a t e s  as  d i s t i n c t  f rom e i t h e r  " l i q u i d "  
o r  " c r y s t a l " ,  t h e  t e r m s  mesomorphous ( o r  m esom orphic)  p h a se  
and mesophase  were i n t r o d u c e d ,  i n i t i a l l y  by G. F r i e d e l  in  1 9 2 2 .  ^
These  t e r m s  a r e  u s e d  i n t e r c h a n g e a b l y  w i t h  " l i q u i d  c r y s t a l "  and 
t h e  compounds g i v i n g  r i s e  t o  such  p r o p e r t i e s  a r e  c a l l e d  mesogens
Mesogens a r e  d i v i d e d  i n t o  two main c a t e g o r i e s ,  a m p h i p h i l i c  
and n o n - a m p h i p h i l i c  compounds.  The a m p h i p h i l i c  mesogens a r e  
p o l a r  compounds w hich  c o n t a i n  in  t h e  same m o le c u le  l i p o p h i l i c  
and h y d r o p h i l i c  g r o u p s ,  o f t e n  l e a d i n g  t o  s o l u b i l i t y  in  b o th  
aqueous  and o r g a n i c  s o l v e n t s .  Examples  i n c l u d e  a n i o n i c  
a m p h i p h i l e s  such  as  so a p s  o f  t h e  f a t t y  a c i d s  ( l ) ,  c a t i o n i c  
a m p h i p h i l e s  such  a s  ( l l )  and n o n - i o n i c  a m p h i p h i l e s  such  as  ( I I I )  
These  commonly g iv e  r i s e  to  m esophases  i n c o r p o r a t i n g  s o l v e n t s  
and a r e  t h u s  c a l l e d  " l y o t r o p i c "  o r  s o l v e n t  i n d u c e d  m esogens ,  
a l t h o u g h  some a l s o  g iv e  m esophases  in  t h e  p u r e  c o n d i t i o n .
Me(CH„) C O , ' ,  K"*", Nh /  o r  Cai+ ( l )
(i n  d  4 s
C l ' ,  B r '  o r  I '  ( I I )
n -CgH^yNHg ( I I I )
The n o n - a m p h i p h i l i c  mesogens a r e  n o t  v e r y  p o l a r  and can 
be o f  h ig h  m o l e c u l a r  mass (p o ly m e r s )  o r  low m o l e c u l a r  mass .
The low m o l e c u l a r  mass compounds can be d i v i d e d  i n t o  t h r e e  main 
c a t e g o r i e s  a c c o r d i n g  t o  sh ap e .  The f i r s t  t y p e  a r e  g l o b u l a r  
m o l e c u l e s  such  as  CMe^ and C^Cl^ w hich  g iv e  r i s e  to  
o p t i c a l l y  i s o t r o p i c  m esophases  o f  c u b ic  symmetry c a l l e d  " p l a s t i c  
c r y s t a l s " .  The s e co n d  ty p e  a r e  d i s c - l i k e  m o l e c u l e s  such  as  
t h e  h e x a - n - a l k a n o a t e s  o f  b e n z e n e ^ '*  which can g iv e  r i s e  t o
12.
m esophases  where t h e  d i s c s  a r e  s t a c k e d  a p e r i o d i c a l l y  in  
columns o r  o r i e n t a t i o n a l l y  o r d e r e d  w i t h o u t  any l o n g  r a n g e  
t r a n s l a t i o n a l  o r d e r .  The t h i r d  t y p e  a r e  r o d  o r  l a t h - l i k e  
m o l e c u l e s ,  such  as  t h e  c h o l e s t e r o l  a l k a n o a t e s  ( I V ) which were 
t h e  f i r s t  mesogens to  be c l e a r l y  r e c o g n i s e d .
COOn 2n+1
(IV)
These n o n - a m p h i p h i l i c  compounds a r e  somet im es  c a l l e d  
t h e r m o t r o p i c  l i q u i d  c r y s t a l s  s i n c e  t h e  m esophases  a r e  g e n e r a l l y  
p r o d u c e d  by c o o l i n g  t h e  p u r e  i s o t r o p i c  m e l t s  o r  by h e a t i n g  t h e  
p u r e  s o l i d  c r y s t a l s .  I t  i s  t h e  ro d  o r  l a t h - l i k e  non-  
a m p h i p h i l i c  mesogens t h a t  have found  t h e  g r e a t e s t  com m erc ia l  
a p p l i c a t i o n  and t h e i r  p r o p e r t i e s  a r e  o u t l i n e d  in  more d e t a i l  
be low .
D i s c o u n t i n g  p l a s t i c  c r y s t a l s  and d i s c o t i c  p h a s e s ,  t h e r e  
a r e  two main t y p e s  o f  n o n - a m p h i p h i l i c  m esophase .  The f i r s t  
and l e a s t  o r d e r e d  o f  t h e s e  i s  t h e  n e m a t i c  p h a s e .  S in ce  t h e y  
s c a t t e r  l i g h t ,  n e m a t i c  l i q u i d s  a p p e a r  t u r b i d ,  b u t  t h e y  f lo w  
e a s i l y  and can be p o u r e d  l i k e  i s o t r o p i c  l i q u i d s .  O p t i c a l l y ,  
t h e y  a r e  u n i a x i a l  and b i r é f r i n g e n t  and t h u s  r e s e m b l e  many 
s o l i d  c r y s t a l s  in  t h i s  s e n s e .  In  a n e m a t i c  l i q u i d ,  t h e  c e n t r e  
o f  g r a v i t y  o f  t h e  m o le c u le s  i s  random t h r o u g h o u t ,  b u t  a l l  t h e  
m o l e c u l e s  a r e  o r i e n t e d  in  t h e  same d i r e c t i o n  ( f i g .  l . l - l ) .
As shown, t h e  n e m a t i c  p h a se  can be o b t a i n e d  by h e a t i n g  t h e  
s o l i d  c r y s t a l  s t a t e  o f  t h e  mesogen o r  c o o l i n g  t h e  i s o t r o p i c  
m e l t .  The t r a n s i t i o n  from s o l i d  c r y s t a l  t o  n e m a t i c  l i q u i d  
(C -y N) i s  e q u i v a l e n t  to  a m e l t i n g  p o i n t  o f  an o r d i n a r y  o r g a n i c  
compound, and s h o u ld  o c c u r  s h a r p l y  a t  a w e l l  d e f i n e d  t e m p e r a t u r e  
f o r  a p u r e  mesogen.  A lso ,  s u p e r c o o l i n g  can o c c u r  so t h a t  
w i l l  be a t  a l o w e r  t e m p e r a t u r e  t h a n  C -k-N. However,
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t h e  n e m a t i c  t o  i s o t r o p i c  t r a n s i t i o n  (N^l)  i s  u n a f f e c t e d  by 
s u p e r c o o l i n g ;  t h e  t e m p e r a t u r e  f o r  I-kN i s  t h e  same a s  t h a t  f o r  
N-tl,  and t h e s e  t r a n s i t i o n s  a r e  a l s o  s h a r p  f o r  p u r e  compounds.
I f  an o p t i c a l l y  a c t i v e  s u b s t a n c e  i s  added  t o  t h e  n e m a t i c  
compound ( n e m a to g e n ) ,  o r  i f  t h e  l a t h - l i k e  m o le c u le s  a r e  them^ 
s e l v e s  c h i r a l ,  a t w i s t e d  n e m a t i c  ( c h o l e s t e r i c )  p h ase  i s  o b t a i n e d .  
This  c h o l e s t e r i c  p h a s e  i s  a ty p e  o f  n e m a t i c  p h a s e  b u t  t h e  
d i r e c t i o n  o f  o r i e n t a t i o n  o f  t h e  m o le c u le s  i s  t w i s t e d  in  s p a ce  
g i v i n g  r i s e  t o  a h e l i x  ( f i g .  1 . 1 - 2 ) .  This  c o n f e r s  on c h o l ­
e s t e r i c  p h a s e s  some s t r i k i n g  p r o p e r t i e s  su ch  as  an o p t i c a l  
r o t a t o r y  power a b o u t  a t h o u s a n d  t im e s  g r e a t e r  th a n  t h a t  of  an 
o r d i n a r y  o p t i c a l l y  a c t i v e  s u b s t a n c e .  A lso ,  s i n c e  t h e  p i t c h  of  
t h e  h e l i x  i s  o f t e n  o f  t h e  o r d e r  of  t h e  w a v e l e n g t h  o f  l i g h t ,  
d r a m a t i c  changes  o f  c o l o u r  a r e  sometimes  o b s e r v e d  w i t h  s m a l l  
changes  in  t e m p e r a t u r e .  This  p r o p e r t y  has  been u sed  in  t h e  
c o n s t r u c t i o n  o f  s e n s i t i v e  t e m p e r a t u r e  g a u g e s .^
The s eco n d  ty p e  o f  n o n - a m p h i p h i l i c  mesophase  i s  t h e  s m e c t i c  
p h a s e  w h ich  i s  more o r d e r e d  th a n  t h e  n e m a t i c  p h a s e . .  In  a d d ­
i t i o n  t o  t h e  m o le c u le s  b e i n g  o r i e n t a t e d  i n  a common d i r e c t i o n ,  
t h e y  a r e  a l s o  a r r a n g e d  in  l a y e r s  as  shown in  f i g .  l . l - 3 i .  The 
l a t e r a l  f o r c e s  be tw een  t h e  m o le c u le s  a r e  much g r e a t e r  th a n  
t h o s e  be tween  t h e  l a y e r s ,  so t h e  l a y e r s  can s l i d e  o v e r  one a n o t h e r  
e a s i l y .  Hence t h e  s m e c t i c  mesophase has  f l u i d  p r o p e r t i e s  b u t  
i s  g e n e r a l l y  much more v i s c o u s  th a n  t h e  n e m a t i c  p h a s e s .  U n l ik e  
t h e  n e m a t i c  p h a s e  w hich  can e x i s t  i n  o n ly  two forms ( c h o l e s t e r i c  
o r  n o t ) ,  t h e r e  a r e  s e v e r a l  p o s s i b l e  s m e c t i c  m o d i f i c a t i o n s .
These d i f f e r e n t  p o ly m o rp h ic  forms have been l a b e l l e d  w i t h  l e t t e r s  
(A, B, C, e t c . )  and  can be d i s t i n g u i s h e d  from one a n o t h e r  by 
t h e r m a l  a n a l y s i s ,  m i s c i b i l i t y  s t u d i e s  and  o p t i c a l  o b s e r v a t i o n s  
u s i n g  a p o l a r i s i n g  m ic r o s c o p e .  F ig .  1 . 1 - 3  shows t h e  s m e c t i c  A 
p h a s e  w h i l e  f i g .  1 .1-4- shows t h e  s m e c t i c  C p h a s e  where  t h e  m o le ­
c u l e s  in  t h e  l a y e r s  a r e  t i l t e d  w i t h  r e s p e c t  to  t h e  l a y e r s .  A 
y e t  more o r d e r e d  mesophase  i s  t h a t  o f  s m e c t i c  B where  t h e  m o l e c u l a r  
c e n t r e s  in  e a c h  l a y e r  a r e  h e x a g o n a l  c l o s e  p a c k e d .  The p r o f u s i o n  
o f  s m e c t i c  m o d i f i c a t i o n s  has  p o sed  p ro b le m s  in  t h e i r  n o m e n c l a t u r e ,  
and t h e r e  have been some changes  i n  t h e  c l a s s i f i c a t i o n  o f  s m e c t i c  
p h a s e s  in  t h e  p a s t .  Gray® has  r e c e n t l y  s u g g e s t e d  l e t t e r i n g  t h e  
known m o d i f i c a t i o n s  from A to  L, and  has  p r o d u c e d  a t a b l e  w h ich  
sum m ar ises  some o f  t h e i r  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  ( t a b l e  
1. 1- 1).
14,
F i g .  1 . 1 - 1  Nematogen p h a se  t r a n s i t i o n s . 
Each l i n e  r e p r e s e n t s  a m o le c u le  : l 2 ^ ^ l
C r y s t a l  ( u s u a l l y  n o n - l a y e r  l a t t i c e  
as  shown)
T r a n s i t i o n  a t  t e m p e r a t u r e  : C ^ N
Nematic
T r a n s i t i o n  a t  t e m p e r a t u r e  T^ : N
I s o t r o p i c
15.
F i g .  1 . 1 - 2 .
S c h e m a t ic  r e p r e s e n t a t i o n  o f  t h e  c h o l e s t e r i c  p h a s e ;  t h e  s h o r t  
l i n e s  r e p r e s e n t  t h e  i n d i v i d u a l  m o l e c u l e s .
\  \M
O
/  /  /  /  
/  /  / /
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F i g .  1 . 1 - 3 . S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  s m e c t i c  p h a s e .
C r y s t a l  ( l a y e r  l a t t i c e )
T r a n s i t i o n  C S
I I I I  1 1 /
S m ec t ic  A p h a se
F i g .  1 . 1 - 1 . S m e c t ic  C p h ase
/ / / / / / / / / / / / /
/ / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / /
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T a b le  1 . 1 - 1 .  C l a s s i f i c a t i o n ,  o f  s m e c t i c  c h a s e s . ^
N o n t t i l t e d ( o r t h o g o n a l ) ; T i l t e d
,
S m ec t ic A S m ec t ic  C S h o r t  r a n g e  
o r d e r
H e x a t i c B S m ec t ic  I , F
C r y s t a l B C r y s t a l  J ,G 3 -d  o r d e r  
( lo n g  r a n g e )
C r y s t a l E C r y s t a l  K,H
R e f e r e n c e  h as  a l r e a d y  been made to  t h e  d i f f e r e n c e  be tw een  
t i l t e d  ( l o n g  m o l e c u l a r  ax e s  i n c l i n e d  to  l a y e r  p l a n e s )  and n o n ­
t i l t e d  s m e c t i c  p h a s e s  ( c f  s m e c t i c  A and s m e c t i c  C) .  A compar­
i s o n  be tw een  h e x a t i c  B and c r y s t a l  B g i v e s  an example o f  p h a s e s  
d i f f e r i n g  in  r a n g e  o f  o r d e r .  The h e x a t i c  B ph ase  h as  t h e  
m o l e c u l a r  c e n t r e s  h e x a g o n a l  c l o s e  p ack ed  i n  t h e  l a y e r s ,  b u t  
t h e r e  i s  no c o r r e l a t i o n  be tween  l a y e r s  and t h u s  no o r d e r  up 
t h e  s t a c k s  i n  t h e  d i r e c t i o n  o f  t h e  l o n g  m o l e c u l a r  a x e s .  
C o n v e r s e l y  in  t h e  c r y s t a l  B p h a s e  t h e  m o l e c u l a r  c e n t r e s  a r e  
c o r r e l a t e d  i n  a l l  d i r e c t i o n s  and t h i s  p h a se  h a s  l o n g  r a n g e  3-D 
o r d e r .  The s m e c t i c  D p h a se  does  n o t  a p p e a r  in  t a b l e  1 . 1 - 1  
and i s  anom alous  i n  b e i n g  o p t i c a l l y  i s o t r o p i c .  I t  must  t h e r e ­
f o r e  p o s s e s s  c u b i c  symmetry .
I t  i s  t h u s  p o s s i b l e  f o r  a s o l i d  c r y s t a l  t o  m e l t  g i v i n g  a 
s m e c t i c  p h a s e  (C S t r a n s i t i o n )  which can be co n v er ted  t o  a 
n e m a t i c  p h a s e  a t  a h i g h e r  t e m p e r a t u r e  ( S ^ N )  b e f o r e  f i n a l l y  
y i e l d i n g  t h e  i s o t r o p i c  m e l t  ( N- > l ) .  O th e r  p o s s i b l e  t r a n s i t i o n s  
i n c l u d e  s m e c t i c  t o  i s o t r o p i c  ( S - > l )  o r  s m e c t i c  t o  c h o l e s t e r i c  
(S 4- Ch) p r e c e d i n g  c h o l e s t e r i c  t o  i s o t r o p i c  ( C h ^ l )  b u t  no 
t r a n s i t i o n  be tw een  n e m a t i c  and c h o l e s t e r i c  p h a s e s  h as  been 
b r o u g h t  a b o u t  t h e r m o t r o p i c a l l y . T h is  s u p p o r t s  t h e  v iew t h a t  
t h e  c h o l e s t e r i c  p h a s e  i s  a ty p e  o f  n e m a t i c  m eso p h a se ;  o n ly  
s m a l l  amounts  o f  c h i r a l  m a t e r i a l  n ee d  be added  to  a n e m a t i c  
p h a s e  i n  c o n v e r t in g  i t  t o  a c h o l e s t e r i c  p h a s e ,  w h i l e  a c h o l -  
e s t e r o g e n  g i v e s  a n e m a t i c  p h a se  when i t s  e n a n t i o m e r  o f  t h e
18.
o p p o s i t e  h e l i c a l  s e n s e  i s  added to  g iv e  a r a c e m ic  m i x t u r e .  
C h o l e s t e r i c  and n e m a t i c  p h a s e s  a r e  t h u s  m i s c i b l e  and c o n s i d e r e d  
t o  be i so m o rp h o u s .  The d i f f e r e n t  t y p e s  o f  s m e c t i c  p h ase  (A,B,
C, e t c . )  a r e  i m m i s c i b l e  and many t r a n s i t i o n s  a r e  known where one 
ty p e  o f  s m e c t i c  p h a se  i s  c o n v e r t e d  to  a n o t h e r .
A l l  l i q u i d  c r y s t a l  t r a n s i t i o n s  n o t  i n v o l v i n g  t h e  s o l i d  
p h a se  a r e  u n a f f e c t e d  by s u p e r c o o l i n g .  Hence Ch - ^ I ,  S 4- N and 
S-^ I  t r a n s i t i o n s  a r e  r e v e r s i b l e  as  w e l l  a s  N ^ l  t r a n s i t i o n s .  
However,  t h e  C 4- N, C 4^ Ch and C ^ S  t r a n s i t i o n s ,  l i k e  o r d i n a r y  
m e l t i n g  p o i n t s ,  a r e  s u b j e c t  t o  t h e  e f f e c t s  o f  s u p e r c o o l i n g .  In  
some c a s e s ,  a mesophase  may o n ly  be o b s e r v e d  on s u p e r c o o l i n g  an 
i s o t r o p i c  m e l t ;  such  m e t a s t a b l e  p h a s e s  a r e  te rm ed  m o n o t ro p ic  
t o  d i s t i n g u i s h  them from t h e  s t a b l e  ( e n a n t i o t r o p i c )  p h a s e s .
Mesogens a r e  o f t e n  s t u d i e d  a s  t h i n  f i l m s  be tw een  a g l a s s  
s l i d e  and c o v e r s l i p  mounted  on a p o l a r i s i n g  m ic ro s c o p e .  Such 
a m ic ro s c o p e  n o r m a l l y  i n c o r p o r a t e s  a h o t  s t a g e  so t h a t  th e r m o ­
t r o p i c  t r a n s i t i o n s  can r e a d i l y  be o b s e r v e d .  E x a m in a t io n  o f  
t h e  m esophases  t h r o u g h  c r o s s e d  p o l a r i s e r s  can h e l p  in  t h e  
i d e n t i f i c a t i o n  o f  t h e  ty p e  o f  mesophase  p r e s e n t ;  c h o l e s t e r i c s ,  
s m e c t i c s  and n e m a t i c s  a l l  g iv e  d i f f e r e n t  p a t t e r n s  ( t e x t u r e s )  
u n d e r  t h e  p o l a r i s i n g  m ic ro s c o p e .  R e l a t i v e l y  t h i c k  n e m a t i c  
f i l m s  g iv e  a t e x t u r e  c o n s i s t i n g  o f  a few t h r e a d - l i k e  l i n e s  
m e an d e r in g  th r o u g h  t h e  m esophase ;  t h i s  i s  c a l l e d  t h e  t h r e a d e d  
S c h l i e r e n  t e x t u r e ^ ,  w hich  g i v e s  t h e  n e m a t i c  p h a se  i t s  name 
(nima i s  t h e  Greek word f o r  t h r e a d ) .  T h i n n e r  n e m a t i c  f i l m s  
have q u i t e  a d i f f e r e n t  a p p e a r a n c e ,  g i v i n g  a S c h l i e r e n  t e x t u r e  
w i t h  d i s c l i n a t i o n  p o i n t s .  T h i s  i s  composed o f  d a r k  and l i g h t  
a r e a s  which  r a d i a t e  o u t  from a number o f  p o i n t s .  The t e x t u r e s  
can a l s o  be a l t e r e d  by i n f l u e n c i n g  t h e  a l i g n m e n t  o f  t h e  m o l e c u l e s  
w i t h i n  t h e  f i l m .  F o r  exam ple ,  t h e  m o l e c u l e s  can be made to  
l i n e  up p a r a l l e l  to  t h e  g l a s s  s u r f a c e s  by f i r s t  r u b b i n g  th e  
s u r f a c e s  in  one d i r e c t i o n .  T h i s  t e n d s  t o  g iv e  t h e  t e x t u r e s  a 
l e s s  d i s o r d e r e d  a p p e a r a n c e .
C h o l e s t e r i c  mesogens  can form a b i r é f r i n g e n t  t e x t u r e  on 
c o o l i n g  t h e  i s o t r o p i c  m e l t .  T h is  n u c l e a t e s  i n  d i s c r e t e  p o i n t s  
a s  t h e  t r a n s i t i o n  t e m p e r a t u r e  i s  r e a c h e d ,  and s p r e a d s  o u t  e v e n l y  
f o rm in g  c i r c u l a r  a r e a s  u n t i l  t h e  whole  f i l m  i s  c o v e r e d .  Such 
t e x t u r e s  a r e  c a l l e d  f o c a l - c o n i c ^ » ® ,  and a r e  a l s o  g iv e n  by
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s m e c t i c  p h a s e s .  With c h o l e s t e r i c  m e so p h a se s ,  t h e  f o c a l -  
c o n i c  t e x t u r e  can be c o n v e r t e d  t o  a p l a n a r  t e x t u r e  by s h i f t i n g  
t h e  g l a s s  c o v e r  p l a t e .  In  t h i s  t e x t u r e  t h e  sample  i s  u n i f o r m l y  
a l i g n e d  w i t h  t h e  h e l i c a l  a x i s  p e r p e n d i c u l a r  to  t h e  p l a n e  o f  t h e  
f i l m .  However,  t h e  t e x t u r e  p r e p a r e d  in  t h i s  way u s u a l l y  h as  
a p a t t e r n  o f  t h i c k  l i n e s  due t o  a l i g n m e n t  d i s c o n t i n u i t i e s .
The p r o d u c t i o n  o f  c e r t a i n  w e l l  a l i g n e d  t e x t u r e s  i s  i m p o r t a n t  
in  c o n s t r u c t i n g  l i q u i d  c r y s t a l  d i s p l a y s ,  and t h i s  w i l l  be r e f e r ­
r e d  to  l a t e r .
1 . 2  M o le c u la r  s t r u c t u r e  and m esogen ic  b e h a v i o u r .
1 . 2 2  G e n e ra l  a s p e c t s .
T h i s  work i s  c o n c e r n e d  p r i m a r i l y  w i t h  t h e  s e a r c h  f o r  new 
n e m a to g e n s  and t h u s  t h e  f o l l o w i n g  a c c o u n t  i s  w i th  p a r t i c u l a r  
r e f e r e n c e  to  t r e n d s  i n  n e m a t i c  p r o p e r t i e s .
Some g e n e r a l i s a t i o n s  can be made a b o u t  t h e  t y p e s  o f  
m o le c u le  which  show m eso g en ic  b e h a v i o u r .  The m o le c u le s  s h o u ld  
be e l o n g a t e d  w i th  t h e  w i d t h  g r e a t e r  th a n  t h e  b r e a d t h ;  hence  
t h e  d e s c r i p t i o n  " l a t h - l i k e " .  The m o l e c u l e s  n o r m a l l y  have  a 
r i g i d  c o r e  s i n c e  undue f l e x i n g  d e s t r o y s  t h e i r  p a r a l l e l  a r r a n g e ­
ment .  An i l l u s t r a t i o n  o f  t h e  i m p o r t a n c e  o f  t h i s  r i g i d  c o re  
i s  g iv e n  by (V) and ( VI ).  The l o n g  c h a in  a l k a n o i c  a c i d s  (V ) 
do n o t  g iv e  m esophases  w h i l e  t h e  more c o n s t r a i n e d  a l k y l - 2 , 1-  
d i e n o i c  a c i d s  (Vl )  a r e  mesogens.®
^ 0 - H - 0 \
M e ( C H 2 ) n — P  X  — ( C H 2 ) n M e  ( V )
^ 0 - H -- 0 ^
^ 0 - H — 0^
R C H = C H - C H = C H - C  C ~ C H = C H - C H = C H R  ( V I )
0 - H  • • ■O' '
20.
In a d d i t i o n  to  g e o m e t r i c  a n i s o t r o p y ,  an a n i s o t r o p y  o f  
t h e  c o h e s i v e  f o r c e s  be tw een  t h e  m o l e c u l e s  i s  a l s o  r e q u i r e d .
T h i s  s u g g e s t s  t h a t  m o l e c u l e s  t h a t  a r e  r e a d i l y  p o l a r i s a b l e  
o u g h t  to  show en h anced  m eso g en ic  b e h a v i o u r ,  e s p e c i a l l y  i f  t h e  
p o l a r i s a b i l i t y  i s  a n i s o t r o p i c .  U n t i l  c o m p a r a t i v e l y  r e c e n t l y ,  
most  s t u d i e s  o f  n em a to g en s  were c o n f i n e d  to  a r o m a t i c  compounds 
and t h e  p r e s e n c e  o f  t h e  p o l a r i s a b l e  a r o m a t i c  r i n g s  was 
t h o u g h t  to  be an i m p o r t a n t  f a c t o r  in  mesophase  f o r m a t i o n .  The 
p l a n a r i t y  and r i g i d i t y  o f  t h e  r i n g s  was a l s o  t h o u g h t  to  be 
s i g n i f i c a n t ,  a c c e n t u a t i n g  t h e  l a t h - l i k e  shape  o f  t h e  m o le c u le s  
and m in i m i s i n g  f l e x i n g  m o t io n s  w i t h i n  t h e i r  c o r e s .  However 
i t  h a s  s i n c e  been f ound^®' ^^  t h a t  r e p l a c e m e n t  o f  t h e  ben zen e  
r i n g s  w i t h  f l e x i b l e  n o n - p o l a r i s a b l e  c y c lo h e x a n e  r i n g s  g e n e r a l l y  
i n c r e a s e s  t h e  t h e r m a l  s t a b i l i t y  o f  t h e  r e s u l t i n g  m e so p h a se s .  
T h e r e f o r e  i n  such  c a s e s  t h e  a n i s o t r o p i c  p o l a r i s ' à b i l i t y  c a n n o t  
be a c o n t r o l l i n g  f a c t o r  i n  mesophase  f o r m a t i o n  and o t h e r  f a c t o r s  
must be t a k e n  i n t o  a c c o u n t .  N e v e r t h e l e s s  e x t e n s i v e  s t u d i e s  
o f  a r o m a t i c  s y s t e m s h a v e  p r o v i d e d  u s e f u l  i n f o r m a t i o n  as  t o  
t h e  r e l a t i o n s h i p  be tw een  m o l e c u l a r  s t r u c t u r e  and m esogen ic  
a c t i v i t y  a s  d e s c r i b e d  be low.
In  o r d e r  t o  en h an ce  t h e  m esogen ic  b e h a v i o u r  o f  a r o m a t i c  
compounds i t  i s  n e c e s s a r y  to  l i n k  t h e  b e n z e n e  r i n g s  i n  a r i g i d  
way. The a r o m a t i c  r i n g s  s h o u ld  a l s o  be p a r a - s u b s t i t u t e d  to  
p r e s e r v e  t h e  l i n e a r i t y  o f  t h e  m o l e c u l e s .  As a r e s u l t  o f  t h i s  
many mesogens have  t h e  g e n e r a l  s t r u c t u r e  ( V I l ) .
The c e n t r a l  l i n k i n g  group  (Z) o f t e n  c o n t a i n s  m u l t i p l e  
bonds which  p r e s e r v e  t h e  r i g i d i t y  o f  t h e  c e n t r a l  c o re  o f  t h e  
m o l e c u l e .  The e f f e c t i v e n e s s  o f  a c e n t r a l  l i n k i n g  g roup  in  
p r o m o t in g  t h e r m a l l y  s t a b l e  n e m a t i c  p h a s e s  can be e v a l u a t e d  
by k e e p i n g  X and Y o f  ( V I I ) c o n s t a n t  and m e a s u r in g  t h e  e f f e c t
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upon t h e  N 4- I  t e m p e r a t u r e  (T^^) o f  d i f f e r e n t  g ro u p s  Z. A 
h i g h  i m p l i e s  h i g h  n e m a t i c  t h e r m a l  s t a b i l i t y ,  and a g roup
o r d e r  o f  e f f i c i e n c y  in  p r o m o t in g  s t a b l e  n e m a t i c  p h a s e s  can be 
o b t a i n e d .  Some ex am p les  o f  Z a r e  g iv e n  be low f o r  ( V I I ) in  
o r d e r  o f  d e c r e a s i n g  a s  shown, a d i r e c t  bond be tween  t h e
two benzene  r i n g s  i s  t h e  l e a s t  e f f e c t i v e  l i n k  in  p r o m o t in g  
n e m a t i c  t h e r m a l  s t a b i l i t y . ®
z = >  - C H = C H  
( t r a n s )
N = N “  ^  - C H — N —
I i
0 0
c = c  —
- N = N -  >  — C H = N —  >  — C O O —  >
S I N G L E  BOND.
E x t e n s i o n  o f  t h e  r i g i d  c o re  o f  t h e  m o le c u le  e n h a n c e s  
m esogen ic  s t a b i l i t y  and t h i s  i s  i l l u s t r a t e d  in  t h e  co m p ar i so n  
be tw een  t h e  compounds ( V I I I ) rand ( I X) .
Et O — ^ — CH — N— OEt (VIII)
C— I 1 4 8  “ C ; ( N — I 1 4 3 ° C  )
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EtO CH =  N - N = C H OEt ( I X )
C — N 172®C ; N— I 199° C
Compound ( V I I l )  h as  a m o n o t ro p ic  n e m a t i c  p h a se  ( i t  i s  
c o n v e n t i o n a l  t o  w r i t e  such  m o n o t ro p ic  t r a n s i t i o n s  in  p a r e n ­
t h e s i s )  w h i l e  ( I X) h a s  a s t a b l e  e n a n t i o t r o p i c  m esophase .  As 
w e l l  a s  an e x t e n d e d  r i g i d  c o re  in  ( I X) ,  t h e  i n c r e a s e d  c o n ­
j u g a t i o n  a r i s i n g  f rom t h e  d o u b le  bonds w i l l  enhance  t h e  
a n i s o t r o p i c  p o l a r i s a b i l i t y  o f  t h e  m o l e c u l e .  An i n c r e a s e  in  
t h e  mmber o f  benzene  r i n g s  w i l l  a l s o  a c h i e v e  t h i s ,  and i n d e e d  
p - p e n ta p h e n y l^ ®  (X) i s  m esogen ic  a l t h o u g h  i t  has  none o f  t h e  
t e r m i n a l  s u b s t i t u e n t s  n o r m a l l y  a s s o c i a t e d  w i t h  m esogens .
( X )
However ,  such  v e r y  r i g i d  m o le c u le s  p ack  so e f f i c i e n t l y  
i n  t h e  s o l i d  c r y s t a l  t h a t  m e l t i n g  p o i n t s  a r e  f r e q u e n t l y  too  
h i g h  f o r  mesophase  f o r m a t i o n  to  be o b s e r v e d .  As l o n g  a s  t h e  
m o l e c u l e s  rem a in  l i n e a r ,  o t h e r  r i n g  sy s tem s  can be u s e d  such  
a s  n a p h t h a l e n e s ,  p h e n a n t h r e n e s  and h e t e r o c y c l e s .  N a p h t h a l e n e s  
such  a s  ( XI ) and i t s  i s o m e r s  i l l u s t r a t e  t h e  e f f e c t  o f  n o n -  
l i n e a r i t y  on mesophase  s t a b i l i t y .  The l i n e a r  2 , 6 - d i s u b s t i t u t e d  
naphtha lene^**  h a s  t h e  h i g h e s t  T^^ and i s  t h u s  c o n s i d e r e d  to  





2 , 6 - d i s u b s t i t u t e d  (as  shown) N^I 356°C 
1 ,  5 - d i s u b s t i t u t e d  N->-I 282°C
1 ,  4 - - d i s u b s t i t u t e d  W->I 263°C
1 . 2 . 2  T e rm in a l  S u b s t i t u e n t s .
The e x i s t e n c e  o f  t e r m i n a l  s u b s t i t u a n t s ,  such  as  X and Y 
in  ( v i l ) ,  g e n e r a l l y  enhance  m esogen ic  p r o p e r t i e s ,  and f o r  
n e m a to g e n s ,  any s u b s t i t u e n t  i s  b e t t e r  th a n  h y d ro g e n .  Sub­
s t i t u e n t s  cam, be monatomic ( e . g .  Cl )  o r  compact  g l o b u l a r  
g ro u p s  such  as  -NOg and -NMe^. Very o f t e n  t h e y  a r e  c h a i n s  
o f  v a r y i n g  l e n g t h s ,  u s u a l l y  e i t h e r  a l k y l  o r  a l k o x y .  The
v a r i a t i o n  o f  m esogen ic  p r o p e r t i e s  w i t h  c h a in  l e n g t h  i s  w e l l  
docum ented ,  and T^^ a l t e r n a t e s  in  a r e g u l a r  manner .  The
d e g r e e  o f  a l t e r n a t i o n  d i m i n i s h e s  a s  t h e  c h a i n  l e n g t h  i n c r e a s e s .  
Alkoxy compounds have  h i g h e r  N I  t r a n s i t i o n  t e m p e r a t u r e s  t h a n  
t h e  c o r r e s p o n d i n g  a l k y l  compounds,  t h e  d i f f e r e n c e  b e i n g  o f  t h e  
o r d e r  o f  3 0 f l0 ° C  in  most  c a s e s .
The N 4- I  t e m p e r a t u r e s  f o r  a g iv en  homologous s e r i e s  l i e  
on two smooth c u r v e s  when p l o t t e d  a g a i n s t  t h e  number o f  c a rb o n  
atoms i n  t h e  c h a i n .  These c u r v e s  can e i t h e r  f a l l  o r  r i s e  a s  
t h e  s e r i e s  i s  a s c e n d e d ;  when t h e  N ^ I  t e m p e r a t u r e s  a r e  h i g h ,  ■ 
t h e  c u r v e s  f a l l ,  and v i c e - v e r s a .  The c r o s s - o v e r  a p p e a r s  t o  
be a t  a b o u t  100°G, where t h e  c u r v e s  a r e  o f t e n  r a t h e r  f l a t .
For  a s e r i e s  o f  a l k o x y  compounds, t h e  u p p e r  cu rv e  c o n s i s t s  o f
2^ .
members o f  t h e  s e r i e s  w i t h  an even number o f  ca rbon  atoms in  
t h e  c h a i n ,  w h i l e  t h e  l o w e r  cu rv e  h as  t h e  odd numbered  hom ologues .  
T h is  s i t u a t i o n  i s  r e v e r s e d  f o r  t h e  number o f  c a rb o n  a toms in  an 
a l k y l  c h a i n ,  and so t h e  oxygen atom o f  t h e  a lk o x y  g ro u p s  a p p e a r s  
t o  be e q u i v a l e n t  to  a m e th y len e  g roup  in  a s t e r e o c h e m i c a l  s e n s e .
I f  a mesogen h as  an a l k y l  c h a in  and t h i s  a d o p t s  an e x t e n d e d ,  
a l l  s - t r a n s - c o n f o r m a t i o n , t h e n  t h e  à x i a l  p o l a r i s a b i l i t y  i n c r e a s e s  
a p p r o x i m a t e l y  tw i c e  as  much a s  t h e  p e r p e n d i c u l a r  p o l a r i s a b i l i t y  
on p a s s i n g  from an even to  an odd numbered ca rb o n  atom o f  t h e  
c h a i n . C o n s i d e r a t i o n  o f  t h e  s t r u c t u r e  ( X I I ) i l l u s t r a t e s  
t h i s  p o i n t  q u a l i t a t i v e l y ;  t h e  even to  odd bonds  a r e  a l o n g  t h e  
a x i s  o f  t h e  m o le c u le  w h e reas  t h e  odd t o  even bonds a r e  a t  an 
a n g l e  t o  t h e  l o n g  m o l e c u l a r  a x i s .
X
6 7
( X I I )
The two p o l a r i s a b i l i t i e s , a x i a l  and p e r p e n d i c u l a r ,  i n c r e a s e  
a p p r o x i m a t e l y  e q u a l l y  from an odd t o  an even number  o f  t h e  c h a i n .  
T h e r e f o r e  a t  co m p a rab le  m o l e c u l a r  w e ig h t s  t h e  a n i s o t r o p i c  
p o l a r i s a b i l i t y  f o r  odd members i s  g r e a t e r  t h a n  f o r  even members,  
and so t h e  l a t t e r  have  lo w e r  K ^ I  t r a n s i t i o n  t e m p e r a t u r e s  t h a n  
t h e  f o r m e r .  However,  a s  t h e  s e r i e s  i s  a s c e n d e d ,  t h e  p r o b a b i l i t y  
o f  t h e  c h a i n s  b e n d in g  i s  assumed to  i n c r e a s e  so t h a t  t h e  p o l a r ­
i s a b i l i t i e s  change a l m o s t  e q u a l l y  from odd t o  even and even t o  
odd numbered  hom ologues ;  and t h e  two N I  c u r v e s  c o n v e rg e  and 
may m ergeo tow ards  t h e  end o f  t h e  s e r i e s .
T h i s  t y p e  o f  argument^® o n ly  e x p l a i n s  t h e  r i s i n g  ty p e  o f  
N ^ I  c u r v e ,  due t o  t h e  i n c r e a s e  in  p o l a r i s a b i l i t y ,  when a s c e n d i n g  
a homologous s e r i e s .  The f a l l i n g  c u r v e s  o c c u r  a t  h i g h e r  tem p ­
e r a t u r e s ,  which m igh t  be e x p e c t e d  to  i n c r e a s e  t h e  p r o b a b i l i t y  
o f  c h a i n  f l e x i n g .  Such f l e x i n g  would i n c r e a s e  w i t h  l o n g e r  c h a i n s ,  
d e c r e a s i n g  t h e  s t a b i l i t y  o f  t h e  n e m a t i c  p h a s e  and r e s u l t i n g  in
25.
lo w e r  N t e m p e r a t u r e s  w i t h  h i g h e r  hom ologues .  However,  t h e  
o dd -ev en  a l t e r n a t i o n  s t i l l  p e r s i s t s  w i t h  t h e s e  f a l l i n g  c u r v e s ,  
and a t y p i c a l  example i s  g iv e n  ( f i g .  1 . 2 . 2 - l ) . i ^  I t  i s  
d i f f i c u l t  to  e x p l a i n  t h e  smooth c u r v e s  i f  c h a i n  c o n f o r m a t i o n s  
a r e  c o m p l e t e l y  random. Some s tu d i e s ^ ®  show t h a t  t h e  c h a i n s  
c a n n o t  a d o p t  a s i n g l e  e l o n g a t e d  c o n f o r m a t i o n ,  b u t  t h e  p a r a l l e l  
a l i g n m e n t  o f  c o re  p a r t s  o f  t h e  m o le c u le s  p r o b a b l y  c o n s t r a i n s  
t h e  c h a i n s  t o  a number o f  m o s t ly  e x t e n d e d  c o n f o r m a t i o n s .  The 
a rg u m en ts  h e r e  a r e  t h u s  q u a l i t a t i v e ,  and b a s e d  on a s t a t i c  
p i c t u r e  o f  t h e  sys tem .  A lso ,  o n ly  p o l a r i s a b i l i t y  h as  been 
t a k e n  i n t o  a c c o u n t ,  b u t  o t h e r  f a c t o r s ^ ® must  be o p e r a t i n g  as  
w e l l .  O th e r  t r a n s i t i o n s  which  mark t h e  t o t a l  breakdown o f  
o r d e r  i n  t h e  sy s te m  ( i . e .  C h I  and S ^ I  t r a n s i t i o n s )  show 
s i m i l a r  t r e n d s .
For  S N  ( o r  S-^Ch)  t r a n s i t i o n s ,  i t  i s  a g a i n  assumed t h a t  
t h e  c h a i n s  a d o p t  a z i g - z a g  c o n f o r m a t i o n  as  in  ( XI l ) .  However,  
t h e s e  t r a n s i t i o n s  o n ly  mark t h e  breakdown o f  t h e  l a y e r  s t r u c t u r e .  
Hence s m e c t i c  s t a b i l i t y  i s  l a r g e l y  d e p e n d e n t  on l a t e r a l  i n t e r ­
a c t i o n s ,  and t h e s e  w i l l  i n c r e a s e  r e g u l a r l y  w i t h  t h e  a d d i t i o n  o f  
each  m e th y le n e  u n i t .  There  i s  t h u s  no a l t e r n a t i o n ,  and th e  
S H  t r a n s i t i o n s  r i s e  sm o o th ly  ( f i g .  1 . 2 . 2 - 1 ) .  To e x p l a i n  t h e  
s u b s e q u e n t  f a l l  i n  S ^ I  t e m p e r a t u r e s ,  i t  h a s  been p o s t u l a t e d ^ ®  
t h a t  t h e  l o n g e r  c h a i n s  c o n s t i t u t e  a f l u i d  r e g i o n  which  w i l l  t e n d  
to  i n t e r p e n e t r a t e  t h e  s m e c t i c  l a y e r s ,  r e d u c i n g  t h e  s t a b i l i t y  o f  
t h i s  m esophase .  The C ^ S  and C ^ N  t e m p e r a t u r e s  a r e  much more 
d i f f i c u l t  to  p r e d i c t ,  and t h i s  can be a p ro b le m  in  p r e d i c t i n g  
m esogen ic  b e h a v i o u r .  When m e l t i n g  p o i n t s  a r e  to o  h i g h  no 
m esophases  a r e  o b t a i n e d .
T e rm in a l  s u b s t i t u e n t s  o t h e r  th a n  a l k y l  o r  a l k o x y  c h a i n s  a r e  
o f t e n  u s e d ,  m o s t ly  in  c o n j u n c t i o n  w i t h  t h e  l a t t e r  on t h e  o t h e r  
s i d e  o f  t h e  c e n t r a l  c o re  o f  t h e  m o l e c u l e .  The e f f e c t i v e n e s s  
o f  t h e s e  in  i n f l u e n c i n g  m esogen ic  p r o p e r t i e s  h as  been s t u d i e d  
by e x am in in g  th e  v a r i a t i o n  in  u p p e r  t r a n s i t i o n  t e m p e r a t u r e s  
w i t h  d i f f e r e n t  g ro u p s  on a common c o re  s t r u c t u r e .  From a s t u d y  
on f o u r  d i f f e r e n t  s e r i e s ,  Gray^° has  c o n s t r u c t e d  an a v e r a g e  g roup  
e f f i c i e n c y  o r d e r  f o r  n e m a t i c  p h a s e s :
Ph > NHCOMe > CN > OMe > WO^  > Cl > Br > NMe^ > Me > F > H
F i g .  1 . 2 . 2 - 1 .
2 6 .
T r a n s i t i o n  tem pera tu re . ,  v.  c h a in  l e n g t h  p l o t  
f o r  t h e  s e r i e s  o f  a l k o x y  b i p h e n y l  c a r b o x y l i c  
a c i d s , ^ ^ .
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A l l  t h e s e  g ro u p s  were p a r a - s u b s t i t u t e d  on a b en zen e  r i n g  
in  sy s te m s  such  as  ( X I I l ) ,  where X i s  t h e  g roup  u n d e r  c o n s i d e r ­
a t i o n  .
X-h ( ^ ^ C H = N OR ( X I I I )
T h is  o r d e r  c a n n o t  be a p p l i e d  r i g o r o u s l y  s i n c e  t h e r e  a r e  some 
( m o s t ly  m ino r)  chan g es  in  t h e  o r d e r  in  d i f f e r e n t  s y s t e m s ,  b u t  
i t  i s  n e v e r t h e l e s s  a u s e f u l  g u i d e .  Those g ro u p s  which  enhance  
n e m a t i c  s t a b i l i t y  t h e  most  a r e  h i g h l y  p o l a r i s a b l e  o r  (and )  can 
g iv e  r i s e  t o  g r e a t e r  c o n j u g a t i v e  e f f e c t s .  They a l s o  t e n d  to  
have  d i p o l e s  a l o n g  t h e  l o n g  m o l e c u l a r  a x e s ,  e . g .  CeN and NO^; 
t h a t  t h e  OMe group  i s  so h i g h  in  t h e  o r d e r  may be due t o  a 
c o n j u g a t i v e  e f f e c t  w hich  c a u s e s  t h e  d i p o l e  to  a c t  a l o n g  th e  
l o n g  m o l e c u l a r  a x i s :
D i p o l e
When t h e  oxygen atom i s  n o t  bonded d i r e c t l y  to  t h e  c o n j u g a t e d  
s y s te m ,  t h e  d i p o l e  w i l l  a c t  a c r o s s  t h e  m o l e c u l a r  a x i s :
X
D i p o l e
2 8 .
The c r o s s  d i p o l e  i s  l e s s  f a v o u r a b l e  t o  n e m a t i c  s t a b i l i t y  
w h e reas  a l o n g  d i p o l e  en h a n c es  t h e  a n i s o t r o p y  o f  t h e  m o le c u le  
An e t h e r  l i n k a g e  w i t h  a c r o s s  d i p o l e  can d e s t r o y  m esogen ic  
b e h a v io u s  a s  shown in  t h e  co m p ar i so n  in  p r o p e r t i e s  be tw een  
(XIV) and (XV)i6
n -  C 5  H 1 1 0 C N ( X I V )
C N 5 3 ° C  ; N — I 6 7 - 5  “ C
EtO(CH2)2 C N ( X V )
I 3 6 ° C
The compound (XV) g i v e s  no mesophase even on s u p e r c o o l i n g  
t o  0°C, when c r y s t a l l i s a t i o n  o c c u r s .
The cyano g roup  p ro m o tes  n e m a t i c  t h e r m a l  s t a b i l i t y  so 
s t r o n g l y  t h a t  i t s  a x i a l  d i p o l e  and p o l a r i s a b i l i t y  a l o n e  a r e  n o t  
favourable enough to  a c c o u n t  f o r  i t s  h i g h  p o s i t i o n  in  t h e  g ro u p  - 
e f f i c i e n c y  o r d e r  f o r  n e m a t i c  p h a s e s .  In  sy s te m s  o f  s t r u c t u r e  
(XVl) i t  i s  known t h a t  s m e t i c  A p h a s e s  have an i n t e r d i g i t a t e d  
b i l a y e r  s t r u c t u r e , and t h e  t e n d e n c y  to  m o l e c u l a r  p a i r i n g  
p e r s i s t s  i n t o  t h e  n e m a t i c  p h a s e s .
29.
R CN ( X V I )
The m o l e c u l a r  p a i r i n g  i s  such  t h a t  t h e  r e p u l s i o n  be tween  
n e i g h b o u r i n g  cyano g ro u p s  i s  m in im ised  by dn a n t i - p a r a l l e l  
a r r a n g e m e n t  o f  t h e  m o l e c u l e s .  C o n j u g a t i o n  o f  t h e  cyano g roup  
w i t h  t h e  benzene  r i n g ,  r e s u l t i n g  in  d e l o c a l i s a t i o n  o f  c h a rg e  
f rom t h e  C o f  t h e  CN group  on to  t h e  f a r  c a rb o n  o f  t h e  a r o m a t i c  
r i n g ,  can t h e n  g iv e  a f a v o u r a b l e  a t t r a c t i v e  c h a rg e  d i s t r i b u t i o n  
as  shown (X V Il ) .  T h is  a n t i - p a r a l l e l  p a i r i n g  r e s u l t s  in  a 
l o n g e r  e f f e c t i v e  u n i t  as  w e l l  as  i n c r e a s i n g  t h e  t e n d e n c y  o f  
t h e  m o l e c u l e s  t o  l i n e  up i n t o  a n e m a t i c - l i k e  o r d e r .
N = C
( X V I I )
E vidence  f o r  a n t i - p a r a l l e l  p a i r i n g  in  t h e  n e m a t i c  ph ase  
h as  been p r o v i d e d  by m easurem ents  o f  p r e - t r a n s i t i o n a l  e f f e c t s  in  
t h e  e l e c t r i c  p e r m i t t i v i t y  o f  cyano n e m a t i c s ^ ^ ;  n em a to g en s  
w i t h o u t  such  p o l a r  end g roups  do n o t  show t h e s e  e f f e c t s .
The group  e f f i c i e n c y  o r d e r  f o r  p r o m o t in g  c h o l e s t e r i c  p h a s e s  
i s  t h e  same as  t h e  o r d e r  f o r  n e m a t i c  p h a s e s  s i n c e  t h e  two t y p e s
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a r e  e s s e n t i a l l y  e q u i v a l e n t ;  n e m a t i c  p h a s e s  can be t h o u g h t  o f  
as  c h o l e s t e r i c  p h a s e s  w i t h  i n f i n i t e  p i t c h .  However,  t h e  
s m e c t i c  g roup  e f f i c i e n c y  o r d e r  i s  s u b s t a n t i a l l y  d i f f e r e n t .
The p o l a r i s a b l e  p h e n y l  g roup  s t r o n g l y  e n h a n c e s  b o th  s m e c t i c  and 
n e m a t i c  p r o p e r t i e s ,  as  does  -NHCOMe which  can h y drogen  bond 
and h as  a d i p o l e  a c r o s s  t h e  l o n g  m o l e c u l a r  a x i s ,  b u t  t h e  r e s t  
o f  t h e  o r d e r  i s  c o m p l e t e l y  d i f f e r e n t .  A t y p i c a l  o r d e r ,  t h a t  
f o r  t h e  s e r i e s  o f  1 - p - s u b s t i t u t e d - b e n z y l i d e n e a m i n o - ^ - n -  
o c t y l o x y b i p h e n y l s ^ °  ( X I I I ;  R = n - o c t y l )  i s  a s  f o l l o w s :
NHCOMe > Ph > Br > Cl > F > NMe^ > Me > H > NO^ > OMe > CN
In  t h i s  example NO^, OMe and CN g roups  a r e  l e s s  c o n d u c iv e  
to  smectic  p h a s e  f o r m a t i o n  th a n  t e r m i n a l  h y d ro g e n ,  y e t  t h e y  a r e  
q u i t e  h i g h  in  t h e  n e m a t i c  e f f i c i e n c y  o r d e r .  The NO^ and CN 
g r o u p s ,  w i th  d i p o l e s  a l o n g  t h e  lo n g  a x i s  o f  t h e  m o l e c u l e s ,  
m igh t  be e x p e c t e d  to  d e s t a b i l i s e  a s m e c t i c  p h a se  t h r o u g h  r e p u l s i v e  
i n t e r a c t i o n s  when t h e  m o le c u le s  l i n e  up in  th e  l a y e r s .  S i m i l a r l y  
t h e  low p o s i t i o n  o f  t h e  methoxy g roup  in  t h i s  e f f i c i e n c y  o r d e r  
can be a s c r i b e d  to  a d i p o l e  a l o n g  t h e  l o n g  m o l e c u l a r  a x i s  
t h r o u g h  c o n j u g a t i v e  e f f e c t s  a s  d e s c r i b e d  e a r l i e r .  However, t h e  
r e l a t i v e l y  h i g h  p o s i t i o n s  o f  Cl and Br ,  which  have a d i p o l e  
( a l b e i t  s m a l l e r )  in  t h e  same d i r e c t i o n ,  h as  n o t  been e x p l a i n e d .
1 . 2 . 3  L a t e r a l  S u b s t i t u e n t s .
In  most c a s e s  l a t e r a l  s u b s t i t u t i o n  w i l l  b ro a d e n  t h e  m o l e c u l e ,  
a s  in  t h e  example o f  a g roup  X in  t h e  mesogen ( X V I I l ) .  S in c e  a 
h ig h  m o l e c u l a r  l e n g t h r b r e a d t h  r a t i o  f a v o u r s  mesophase  f o r m a t i o n ,  
t h i s  b r o a d e n i n g  w i l l  r e d u c e  m esoge n ic  s t a b i l i t y .  The e f f e c t  o f  
X w i l l  be u n d e r s t a n d a b l y  g r e a t e r  i f  t h e  m o l e c u l a r  l e n g t h  i s  
s h o r t .
R O—( r  ) ) — ( ( ^ / — C O 2 H ( X V I I I )
For  t h e  sys tem  (X V II l )^ ^  t h e  N-> I  t e m p e r a t u r e s  f a l l  
r e g u l a r l y  w i t h  an i n c r e a s e  in  t h e  s i z e  o f  t h e  s u b s t i t u e n t s  X,
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b u t  a r e  i n d e p e n d e n t  o f  t h e i r  p o l a r i t y .  T h is  c o r r e l a t i o n  i s  
shown in  f i g .  1 . 2 . 3 - 1 .  S ince  t h e  v a r y i n g  d i p o l e s  o f  C-X do 
n o t  i n t e r f e r e  w i th  t h e  r e l a t i o n s h i p  be tw een  m o l e c u l a r  d i a m e t e r  
and T^^, d i p o l a r  i n t e r a c t i o n s  a c r o s s  t h e  m o le c u le  c a n n o t  be 
i m p o r t a n t  in  d e t e r m i n i n g  n e m a t i c  t h e r m a l  s t a b i l i t y .  D i s p e r s i o n  
f o r c e s  a r e  c o n s i d e r e d  to  be i m p o r t a n t  in  m a i n t a i n i n g  n e m a t i c  
m o l e c u l a r  o r d e r  and i n t e r m o l e c u l a r  a t t r a c t i o n  w i l l  d e c r e a s e  
r a p i d l y  w i t h  an i n c r e a s e  in  t h e  s e p a r a t i o n  o f  t h e  m o l e c u l e s .  
L a t e r a l  s u b s t i t u t i o n  ( e . g .  X in  ( X V I I l ) )  i n c r e a s e s  t h e  d i s t a n c e  
be tw een  t h e  l o n g  m o l e c u l a r  ax es  o f  t h e  m o l e c u l e s  and t h u s  
d e s t a b i l i s e s  t h e  n e m a t i c  p h a s e .
The c a s e  o f  t h e  s m e c t i c  p h a s e ,  as  m o n i to r e d  by S N o r  
S ^ I  t e m p e r a t u r e s ,  i s  somewhat d i f f e r e n t  ( f i g .  1 . 2 . 3 - 2 ) . ^ ^
U n l ik e  t h e  n e m a t i c  c a s e  t h e  p o i n t s  show an a p p r e c i a b l e  s c a t t e r .  
The h a l o g e n s  g iv e  a smooth c u r v e ,  and t h i s  i s  p r o b a b l y  b e c a u s e  
a l l  t h e  r i n g - h a l o g e n  bonds have s i m i l a r  d i p o l e s .  The bonds 
w i t h  H and Me have  s m a l l e r  d i p o l e s  and a p p e a r  below t h e  h a lo g e n  
c u r v e ,  w h i l e  NO^ w i t h  i t s  h i g h e r  d i p o l a r i t y  a p p e a r s  above th e  
c u r v e .  T h is  c o n f i rm s  t h a t  l a t e r a l  d i p o l a r  i n t e r a c t i o n s  a r e  
i m p o r t a n t  in  d e t e r m i n i n g  s m e c t i c  ph ase  s t a b i l i t y .
In  some c a s e s  i t  i s  p o s s i b l e  t o  i n t r o d u c e  a l a t e r a l  
s u b s t i t u e n t  w i t h o u t  b r o a d e n i n g  t h e  m o l e c u l e ,  t h u s  m a i n t a i n i n g  
t h e  m o l e c u l a r  l e n g t h  : b r e a d t h  r a t i o .  Such a s u b s t i t u e n t  can 
i n c r e a s e  mesophase  s t a b i l i t y  p r e su m a b ly  by p r o v i d i n g  a more 
e f f i c i e n t  occupancy  o f  t h e  s p ac e  be tween  t h e  p a r a l l e l  p ac k e d  
m o l e c u l e s .  In  a d d i t i o n ,  t h e  o v e r a l l  p o l a r i s a b i l i t y  o f  t h e  
m o le c u le  w i l l  have  i n c r e a s e d  s l i g h t l y .  An example i s  t h e  
s e r i e s  o f  6 - n - a l k o x y - 2 - n a p h t h o i c  a c i d s  (X IX ) .^^  When X i s  
c h l o r o -  o r  bromo- t h e r e  i s  a s m a l l  y e t  s i g n i f i c a n t  i n c r e a s e  in  
T^^, b u t  when X i s  i o d o -  t h e  T^^ i s  lo w e r  th a n  t h a t  f o r  t h e  
p a r e n t  compound (X=H). I o d i n e  i s  assumed to  be l a r g e  enough 
to  b ro a d e n  t h e  m o le c u le  d e s p i t e  t h e  s e c l u d e d  5 - p o s i t i o n  on t h e  
n a p h t h a l e n e  r i n g .
32.
F i g .  1 . 2 . 3 - 1 . A p l o t  o f  t r a n s i t i o n  t e m p e r a t u r e  v.  m o l e c u l a r  
d i a m e t e r  f o r  (X V II l )^ ^  ( R = n - o c t y l )
T e m p .  /  ® C




M o l e c u l a r  d i a m e n e r  ( A )
33.
F i g .  1 . 2 . 3 - 2 . A p l o t . o f  t r a n s i t i o n  t e m p e r a t u r e  v .  m o l e c u l a r  
d i a m e t e r  f o r  (X V II l )^ ^  (R=n-<Dctyl ) .
T e m p .  /  ®C
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( X I X )
A n o th e r  i n s t a n c e  o f  l a t e r a l  s u b s t i t u t i o n  e n h a n c in g  
m esoge n ic  s t a b i l i t y  i s  when a s u b s t i t u e n t  can i n t r o d u c e  
i n t r a m o l e c u l a r  hyd ro g en  bonds t o  t h e  sy s tem .  T h is  can 
l e s s e n  t h e  b r o a d e n i n g  e f f e c t  o f  l a t e r a l  s u b s t i t u t i o n  and 
p o s s i b l y  h i n d e r  r o t a t i o n ,  c o n s t r a i n i n g  t h e  m o lec u le  t o  be 
more r i g i d .  An example i s  t h e  h y d r o x y - s u b s t i t u t e d  s c h i f f ' s  
b a s e  (XX).^® The N I  t e m p e r a t u r e s  f o r  t h e  hyd roxy  compounds 
a r e  h i g h e r  th a n  t h o s e  f o r  t h e  n o n - s u b s t i t u t e d  compounds.
X
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N Y
In  a d d i t i o n  t o  b r o a d e n i n g  t h e  m o l e c u l e ,  a l a t e r a l  s u b ­
s t i t u e n t  may i n c r e a s e  t h e  t h i c k n e s s  o f  a m o le c u le  by e x e r t i n g  
a s t e r i c  e f f e c t .  The most w i d e l y  s t u d i e d  exam ples  o f  t h i s  





( X X I )
I n t r o d u c t i o n  o f  a s u b s t i t u e n t  X i n t o  t h e  b i p h e n y l  r i n g  
sys tem  as  shown in  (XXl) w i l l  i n c r e a s e  t h e  o u t  o f  p l a n e  
t w i s t i n g  o f  t h e  two r i n g s  a ro u n d  t h e  1 , 1 ’ -b o n d ,  t h u s  i n c r e a s i n g  
th e  t h i c k n e s s  o f  t h e  m o lec u le  a s  w e l l  as  i t s  b r e a d t h .  The
e f f e c t  o f  X i s  t h e r e f o r e  g r e a t e r  th a n  t h a t  o f  a l a t e r a l  
s u b s t i t u e n t  t h a t  e x e r t s  no s t e r i c  i n f l u e n c e ,  and a g r e a t e r  
r e d u c t i o n  o f  mesophase  t h e r m a l  s t a b i l i t y  i s  o b s e r v e d .  An 
example i s  a f f o r d e d  by t h e  X» 4-’ - d i ( p - n - a l k o x y b e n z y l i d e n e a m i n o  ) 
b i p h e n y l s  (XXIl)^®.
RO CH N
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( X X I I )
S u b s t i t u e n t s  i n  t h e  2 -  and 6 - p o s i t i o n s  p ro d u c e  much l a r g e r  
d e c r e a s e s  in  t h e  N I  t r a n s i t i o n  t e m p e r a t u r e s  th a n  t h o s e  in  t h e
3-  and 5 - p o s i t i o n s  where no s t e r i c  e f f e c t  can be e x e r t e d .
1 . 2 . x .  Nematogens c o n t a i n i n g  a l i c y c l i c  r i n g s .
A number  o f  nem a togens  o f  g e n e r a l  s t r u c t u r e  (X X II l )  a r e  
now known where e i t h e r  o r  b o th  o f  r i n g s  A and B a r e  a l i c y c l i c  
r a t h e r  t h a n  a r o m a t i c .
X B V-Y ( X X I I I )
3 6 .
Most work has  been  done on s y s tem s  where t h e  b e n zen e  r i n g s  
have been r e p l a c e d  by t r a n s - 1 , X - b i s u b s t i t u t e d  c y c lo h e x a n e  r i n g s  
(XXIV) o r  1 , X - d i s u b s t i t u t e d  b i c y c l o  ( 2 . 2 . 2 )  o c t a n e  r i n g s  (XXV).
( X X I V ) ( X X V )
The l ,X - b o n d s  o f  t h e  c y c lo h e x a n e  (CH) r i n g  (XXIV) a r e  
c o l l i n e a r  b u t  n o t  c o a x i a l  .whereas  t h e  l ,X - b o n d s  o f  t h e  
b i c y c l o o c t a n e  (BOO) r in g ,  (XXV) a r e  b o t h  c o l l i n e a r  and c o a x i a l .  
The u se  o f  t h e s e  a l i c y c l i c  r i n g s  i n  p l a c e  o f  benzene  (BZ) r i n g s  
n e a r l y  a lw ay s  r e s u l t s  in  a h i g h e r  T^^. The f i r s t  compounds o f  
t h i s  ty p e  t o  be s t u d i e d  were t h e  e s t e r s  o f  g e n e r a l  s t r u c t u r e
(XXVI)27.
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( X X V I )
A
BCO 6 1 .5
CH X8
BZ 26
The N 4- I  t r a n s i t i o n  t e m p e r a t u r e s  a r e  g iv e n  f o r  t h e  t h r e e  
r i n g s  ( a ) and t h e s e  t h e r e f o r e  have  t h e  n e m a t i c  t h e r m a l  s t a b i l i t y  
o r d e r  BCO > CH > BZ which  has  now been v e r i f i e d  f o r  o v e r  tw e n ty  
s t r u c t u r a l ^  d i f f e r e n t  s y s t e m s . T h e  cyano compounds
(XXVIl) ,  which  a l s o  g iv e  t h i s  o r d e r ,  have  v a l u e s  o f  t h e  a n i s o ­
t r o p y  o f  m o l e c u l a r  p o l a r i s a b i l i t y  (Aot) t h a t  d e c r e a s e  in  t h e  o r d e r  
BZ > BCO > CH.2*
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Hence t h e  n e m a t i c  t h e r m a l  s t a b i l i t y  o r d e r  f o r  t h e s e  
sy s te m s  c a n n o t  be e x p l a i n e d  in  t e rm s  o f  Aa; in  a d d i t i o n ,  a n t i ­
p a r a l l e l  p a i r i n g  o f  t h e  m o le c u le s  i s  n o t  a c o n t r o l l i n g  f a c t o r  
s i n c e  a l l  t h e  cyano compounds (XXVIl) a r e  s i m i l a r l y  p a i r e d .
I t  has  been p ro p o se d ^  t h e r e f o r e  t h a t  t h e  f l e x i b i l i t y  o f  t h e  
r i n g s  may be o f  s i g n i f i c a n c e .  The c y c lo h e x a n e  and b i c y c l o ­
o c t a n e  r i n g s  a r e  b o t h  f l e x i b l e  t o  some e x t e n t ,  and t h i s  may 
r e s u l t  i n  t h e  a c h i e v e m e n t  o f  an e n e r g e t i c a l l y  f a v o u r a b l e  c l o s e  
p a c k i n g  o f  t h e  m o l e c u l e s  compared to  th e  r i g i d  benzene  r i n g s .  
The c y c lo h e x a n e  r i n g  i s  more f l e x i b l e  t h an  th e  b i c y c l o o c t a n e  
r i n g ,  b u t  i t s  1 , X bonds a r e  n o t  c o a x i a l ;  a l s o ,  o v e r - f l e x i n g  
may cau se  t h e  bonds to  d e p a r t  f rom s t r i c t  c o l l i n e a r i t y . The 
b i c y c l o  o c t a n e  r i n g  i s  q u i t e  f l e x i b l e  i n v o l v i n g  a t w i s t i n g ,  
c o n c e r t i n a - l i k e  movement a b o u t  i t s  l , X - b o n d s .  However t h i s  
does  n o t  l e a d  to  any d e v i a t i o n  from c o l l i n e a r i t y  and i t s  
g r e a t e r  b u l k  may r e s u l t  i n  a more e f f i c i e n t  f i l l i n g  o f  t h e  
sp a c e  be tw een  th e  m o l e c u l e s .  These p o i n t s  c o u p le d  w i t h  a 
h i g h e r  Aa c o u ld  be t h e  r e a s o n . f o r  t h e  b i c y c l o  o c t a n e  r i n g  b e i n g  
more f a v o u r a b l e  to  n e m a t i c  t h e r m a l  s t a b i l i t y  th a n  t h e  c y c l o ­
hexane  r i n g .
There  a r e  some e x c e p t i o n s  to  t h e  g e n e r a l  n e m a t i c  s t a b i l i t y  
o r d e r  (BCO > CH > BZ) b u t  t h e s e  can u s u a l l y  be e x p l a i n e d  by 
t a k i n g  o t h e r  f a c t o r s  i n t o  a c c o u n t .  For  exam ple ,  in  t h e  sy s tem
(XXVIIl) t h e  o r d e r  as  g iv e n  c o u ld  be t h e  r e s u l t  o f  Aa b e i n g  
s e v e r e l y  a f f e c t e d  by t h e  i n t e r r u p t i o n  o f  t h e  c o n j u g a t e d  sy s tem  
when t h e  benzene  r i n g  i s  r e p l a c e d  by an a l i c y c l i c  r i n g .
( )^~coo-( ~^A~y-ooc-<(^ )^-x
( X X V I I  I )  BZ >  BCO >  CH
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The two sy s te m s  (XXIX) and (XXX)^° a r e  a l s o  e x c e p t i o n s  
and have t h e  common f e a t u r e  o f  an atom w i t h  a l o n e  p a i r  o f  
e l e c t r o n s  bonded d i r e c t l y  t o  r i n g  A.
N ( X X I X )
( X X X )
When r i n g  A i s  a r o m a t i c  t h e r e  i s  a p o s s i b i l i t y  o f  a 
d i p o l e  a c t i n g  a l o n g  t h e  lo n g  m o l e c u l a r  a x i s  o f  t h e  m o le c u le  
t h r o u g h  c o n j u g a t i o n  o f  t h e  l o n e  p a i r  w i t h  t h e  r i n g  ( a s  d e s ­
c r i b e d  in  s e c t i o n  1 . 2 . 2 ) .  With c y c lo h e x a n e  as  r i n g  A, o n ly  
an u n f a v o u r a b l e  c r o s s  d i p o l e  can e x i s t  a s  i l l u s t r a t e d :
D i p o l e
R
The view t h a t  m o l e c u l a r  p a c k i n g  and c o l l i n e a r i t y  o f  bonds 
i s  s i g n i f i c a n t  in  d e t e r m i n i n g  n e m a t i c  s t a b i l i t y  h as  been 
r e i n f o r c e d  by t h e  s y n t h e s i s  o f  d e r i v a t i v e s  i n c o r p o r a t i n g  cubane
3 9 .
2 9r i n g s . " - '  The d im e n s io n s  o f  t h e  cubane r i n g  ((XXXl) ,  X and Y 
-  H) which has  s t r i c t l y  c o l l i n e a r  l , 4 - - b o n d s ,  a r e  in  a l l  ways 
i n t e r m e d i a t e  be tween  t h o s e  o f  benzene  and b i c y c l o  o c tan e .®  
However,  t h e  r e p l a c e m e n t  o f  benzene  o r  b i c y c l o  o c t a n e  r i n g s  
w i th  t h e  cubane m o ie ty  r e s u l t s  in  a l a r g e  r e d u c t i o n  o f  n e m a t i c  
t h e r m a l  s t a b i l i t y  i n  a l l  t h e  sy s te m s  so f a r  s t u d i e d .  The 
s t r a i n  e n e rg y  o f  t h e  cubane m o ie ty  has  been c a l c u l a t e d ®  and 
found  to  be v e r y  h i g h  (6 5 0 .8  kJ mol"^)  so t h a t  t h e  cubane  
sy s tem  i s  v e r y  r i g i d  ( c f .  b i c y c l o  o c t a n e  r i n g  s t r a i n  e n e r g y ,  
4-7.2 kJ mol ^ ) and t h u s  u n f a v o u r a b l e  in  p r o m o t in g  n e m a t i c  
t h e r m a l  s t a b i l i t y .
y
( X X X I )
1 . 3  A p p l i c a t i o n  o f  mesogens t o  e l e c t r o - o p t i c  d i s p l a y s .
1 . 3 . 1  A n i s o t r o p i c  p r o p e r t i e s  o f  m e so g e n s .
In  an o r d i n a r y  t h i n  f i l m  sample  o f  a n e m a t i c  l i q u i d  ( a s  
o b s e r v e d  by p l a c i n g  t h e  l i q u i d  be tween  g l a s s  p l a t e s )  l o c a l i s e d  
a r e a s  have a p a r a l l e l  a l i g n m e n t  o f  t h e  l o n g  m o l e c u l a r  a x e s .  
Th is  l o c a l l y  p r e f e r r e d  d i r e c t i o n  o f  o r i e n t a t i o n ,  p a r a l l e l  t o  
t h e  l o n g  m o l e c u l a r  a x e s ,  i s  c a l l e d  t h e  sample  d i r e c t o r .  In  
p r a c t i c e ,  t h e  i n d i v i d u a l  m o le c u le s  f l u c t u a t e  w i d e l y  from t h e i r  
p r e f e r r e d  o r i e n t a t i o n  p a r a l l e l  t o  t h e  d i r e c t o r  and t h e  d e g r e e  
o f  f l u c t u a t i o n  i s  a measure  o f  t h e  o r d e r  o f  t h e  s y s t e m .  I f  
t h e  m o le c u le s  a r e  assumed to  be r i g i d  and have  c y l i n d r i c a l  
symmetry a b o u t  t h e i r  l o n g  a x e s ,  a q u a n t i t a t i v e  m easure  o f  t h e  
o r i e n t a t i o n a l  o r d e r i n g  i s  p r o v i d e d  by t h e  o r d e r  p a r a m e t e r ^ °
3 2S = <"2 cos Ii - é >
The a n g l e d  b r a c k e t s  s i g n i f y  an a v e r a g e  o v e r  a l l  t h e  
m o le c u le s  in  a m a c r o s c o p ic  volume w h i l e  0 i s  t h e  a n g l e  be tw een
4.0 .
t h e  lo n g  m o l e c u l a r  a x i s  and t h e  d i r e c t o r .  I f  t h e  d i s t r i b u t i o n  
o f  t h e  l o n g  m o l e c u l a r  a x e s  i s  random, a s  in  t h e  i s o t r o p i c  
p h a s e ,  t h en  8=0; t h e  v a l u e  8=1 c o r r e s p o n d s  to  t h e  ca se  o f  
p e r f e c t l y  a l i g n e d  m o l e c u l e s .  In  p r a c t i c e ,  8 v a r i e s  from 
v a l u e s  o f  a ro u n d  0 . 3  t o  0.4- a t  t o  a b o u t  0 .8  a t  much lo w e r
t e m p e r a t u r e s .  Hence t h e  d e v i a t i o n s  f rom p e r f e c t  a l i g n m e n t  a r e  
c o n s i d e r a b l e  and <0> may be a s  l a r g e  as  4-0*^ .
The m i c r o s c o p i c  o r i e n t a t i o n a l  o r d e r i n g  c h a r a c t e r i s e d  by 
8 i s  m a n i f e s t  i n  t h e  a n i s o t r o p y  fo u n d  in  t h e  m a c r o s c o p ic  
p r o p e r t i e s  o f  t h e  m esophase .  For  exam ple ,  t h e  r e f r a c t i v e  
i n d i c e s  m easured  p e r p e n d i c u l a r  (n^)  and p a r a l l e l  (n^ )  t o  t h e  
d i r e c t o r  w i l l  be d i f f e r e n t ,  and t h e  b i r e f r i n g e n c e  i s  g iv e n  by
An = n -n  . e o
8 in c e  n^>n^ ,  n i s  p o s i t i v e  and v a r i e s  from v a l u e s  c l o s e  
t o  z e r o  t o  a b o u t  0.4-. Th is  o p t i c a l  a n i s o t r o p y  can be r e l a t e d  
t o  8 by mean f i e l d  models
H e ^ -n o ^ a S .
The d i e l e c t r i c  c o n s t a n t  o f  a n e m a t i c  m a t e r i a l  w i l l  a l s o  be 
d i f f e r e n t  d e p e n d in g  on w h e th e r  i t  i s  m easured  p a r a l l e l  o r  
p e r p e n d i c u l a r  to  t h e  d i r e c t o r .  The d i e l e c t r i c  a n i s o t r o p y  o f  
a nem atogen  i s  t h e  d i f f e r e n c e  be tween t h e  p a r a l l e l  and p e r ­
p e n d i c u l a r  d i e l e c t r i c  c o n s t a n t s ,  i . e .
Ac = E„ - Ej .
The r e l a t i o n  be tw een  Ae and 8 i s
« . ï ÿ
f o r  s t r o n g l y  p o l a r  m o l e c u l e s w h e r e  y i s  t h e  t o t a l  d i p o l e  
moment and T i s  t e m p e r a t u r e .  When t h e  e l e c t r i c  d i p o l e  o f  a
m o lec u le  i s  l a r g e s t  in  t h e  same d i r e c t i o n  a s  t h e  l o n g  m o l e c u l a r  
a x i s  Ae h a s  a p o s i t i v e  v a l u e ,  as  f o r  (XXXIl).
i l .
D i p o l e
( X X X I I
C o n v e r s e l y ,  a s u b s t a n c e  w i t h  n e g a t i v e  Ae h as  a l a r g e  d i p o l e  
p e r p e n d i c u l a r  t o  t h e  l o n g  m o l e c u l a r  a x i s  a s  in  (X X X II l ) .
R N =  N
D i p o l e
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( X X X I I I )
Cyano g ro u p s  a r e  f r e q u e n t l y  e n c o u n t e r e d  in  m eso g e n ic  
m o l e c u l e s ,  and t h e i r  l a r g e  d i p o l e  moment p r o d u c e s  s t r o n g  
a n i s o t r o p y  o f  t h e  p e r m i t t i v i t y ,  t y p i c a l l y  g i v i n g  and c„ 
v a l u e s  o f  a b o u t  5 and 20 r e s p e c t i v e l y .
The b u l k  e l a s t i c  p r o p e r t i e s  a s s o c i a t e d  w i t h  c u r v a t u r e  o f  
t h e  d i r e c t o r  o f  a n e m a t i c  l i q u i d  c r y s t a l  a l s o  depend on t h e  
d e g r e e  o f  o r i e n t a t i o n a l  o r d e r i n g .  In  n e m a t i c  p h a s e s  t h e  
p r e f e r r e d  o r i e n t a t i o n  i s  w i t h  t h e  d i r e c t o r  ev e ry w h e re  p a r a l l e l  
and t h e r e  a r e  t h r e e  c o n s t a n t s  a s s o c i a t e d  w i t h  t h e  r e s t o r i n g  
t o r q u e s  o p p o s in g  s p l a y  ( k ^ ^ ) ,  t w i s t  (kgg)  and bend (k ^^)  o f  
th e  d i r e c t o r  p a t t e r n .  The t h r e e  t y p e s  o f  d e f o r m a t i o n  o f  t h e  
d i r e c t o r  a r e  i l l u s t r a t e d  ( f i g .  1 . 3 . 1 - 1 ) .
k 2 .
F i g .  1 . 3 . 1 - 1  C h a r a c t e r i s t i c  d e f o r m a t i o n s  o f  t h e  n e m a t i c  
d i r e c t o r .
TWIST
SPLAY
Mean f i e l d  t h e o r y  g i v e s  t h e  r e l a t i o n ^ ^  be tween  t h e  e l a s t i c  
c o n s t a n t s  (k ^^)  and S as  k ^ ^ a g ^ .  As a d i r e c t  co n se q u e n c e  o f  
t h e s e  e l a s t i c  p r o p e r t i e s  i t  i s  p o s s i b l e  to  p ro d u ce  a l i g n m e n t  
o f  t h e  d i r e c t o r  t h r o u g h o u t  a m a c ro sc o p ic  sample  o f  l i q u i d  c 
c r y s t a l .  T h is  a l i g n m e n t  i s  p r o d u c e d  t h r o u g h  c o n t a c t  o f  t h e  
l i q u i d  c r y s t a l  w i th  a t r e a t e d  s u r f a c e .  S u r f a c e  a l i g n m e n t  i s  
u s u a l l y  a r e s u l t  o f  b o th  t h e  c h e m ic a l  n a t u r e  and t h e  t o p o g r a p h y  
o f  t h e  i n t e r f a c e  o f  t h e  l i q u i d  c r y s t a l  and t h e  s u r f a c e .  I f  
t h e  s u r f a c e  i s  m ic ro g ro o v e d  in  one d i r e c t i o n  (an e f f e c t  t h a t  
can be i n d u c e d  by a r u b b i n g  p r o c e s s )  t h e r e  i s  a d i f f e r e n c e  in  
f r e e  e n e rg y  d e p e n d in g  on th e  c o n f i g u r a t i o n  o f  t h e  m o l e c u l e s  
with r e s p e c t  to  t h e  m i c r o g r o o v e s . ^ ^  The l o w e s t  e n e r g y  c o n f i g ­
u r a t i o n  i s  w i t h  t h e  d i r e c t o r  p a r a l l e l  to  t h e  m i c ro g r o o v e s  ( f i g .
1 . 3 . 1 - 2 )  w h i l e  t h e  h i g h e s t  e n e r g y  c o n f i g u r a t i o n  h as  t h e  d i r e c t o r  
p e r p e n d i c u l a r  to  t h e  m ic ro g r o o v e s  ( f i g .  1 . 3 . 1 - 3 ) .
F i g .  1 . 3 . 1 - 2  A l ig n m en t  o f  a n e m a t i c  l i q u i d  c r y s t a l  on a
m ic ro g ro o v e d  s u r f a c e .  Lowest e n e r g y  c o n f i g u r a t i o n .
Long m o l e c u l a r  ax es  a r e  p e r p e n d i c u l a r  to  t h e  p l a n e  o f  t h e  p a p e r .
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F i g .  1 . 3 . 1 - 3 '  A l ig n m en t  o f  a n e m a t i c  l i q u i d -  c r y s t a l  on a 
m ic ro g ro o v e d  s u r f a c e .  H i g h e s t  e n e rg y  c o n ­
f i g u r a t i o n  .
A t h i n  l a y e r  o f  l i q u i d  c r y s t a l  be tween  two a l i g n e d  
s u r f a c e s  i s  t h e  s t a r t i n g  p o i n t  f o r  most o p t i c a l  e f f e c t s  in  
d i s p l a y  d e v i c e s .  These e f f e c t s  a r e  l a r g e l y  d e t e r m in e d  by 
r a t i o s  o f  e l a s t i c  c o n s t a n t s  f o r  which  some g e n e r a l  r u l e s  have  
been n o te d » ^  High v a l u e s  o f  ^ 3 3 /k ^ ^  a r e  o b t a i n e d  w i th  
r e l a t i v e l y  r i g i d  m o le c u le s  w i t h  a h ig h  m o l e c u l a r  l e n g t h :  
b r e a d t h  r a t i o .  Low v a l u e s  o f  ^ 3 3 /k ^ ^  a r e  found  when l o n g  
a l k y l  c h a i n s  a r e  i n c o r p o r a t e d  in  t h e  m o l e c u l a r  s t r u c t u r e .
There  seems to  be l i t t l e  v a r i a t i o n  in  t h e  r a t i o  ^ 2 2 /k ^ ^  and 
f o r  t h e  n e m a to g e n ic  compounds s t u d i e d  so f a r  t h e  v a l u e s  o f  
e l a s t i c  c o n s t a n t  r a t i o s  a r e  i n  t h e  l i m i t s  g i v e n :
0 .5  < < 4 . 0
^11
^220 . 5  < < 1 . 2
^11
The c o n s t r u c t i o n  o f  e l e c t r o - o p t i c  d i s p l a y s  i s  b a s e d  on 
t h e  a n i s o t r o p i c  p r o p e r t i e s  o f  t h e  m esophases  o u t l i n e d  ab o v e .  
There  a r e  v a r i o u s  t y p e s  o f  l i q u i d  c r y s t a l  d i s p l a y  and some 
o f  t h e s e  can how be d e s c r i b e d .
1 . 3 . 2  T w is te d  n e m a t i c  d i s p l a y s .
When an e l e c t r i c  p o t e n t i a l  i s  a p p l i e d  a c r o s s  a n e m a t i c  
s am p le ,  t h e  d i p o l e s  b f  t h e  m o le c u le s  l i n e  up in  t h e  d i r e c t i o n
o f  t h e  f i e l d .  For  sam ples  o f  p o s i t i v e  Ae t h i s  d i r e c t i o n  w i l l
be c o i n c i d e n t  w i th  t h a t  o f  t h e  l o n g  m o l e c u l a r  a x e s  w h i l e  
nematogen  m o le c u le s  o f  n e g a t i v e  Ae w i l l  l i n e  up a p p r o x i m a t e l y
K k .
p e r p e n d i c u l a r  to  t h e  e l e c t r i c  f i e l d .  T w is te d  n e m a t i c  (TN) 
d i s p l a y s  u se  nem a to g en s  o f  h i g h  p o s i t i v e  Ae. A t h i n ^ l a y e r  
o f  n e m a t i c  l i q u i d  c r y s t a l  ( a p p r o x i m a t e l y  10 pm) i s  s andw iched  
be tween  two s h e e t s  o f  g l a s s  j o i n e d  t o g e t h e r  by a t h e r m o p l a s t i c  
o r  t h e r m o s e t t i n g  s e a l  a r o u n d  t h e  p e r i m e t e r .  A f i e l d  i s  a p p l i e d  
a c r o s s  t h e  l i q u i d  c r y s t a l  by u s i n g  t r a n s p a r e n t  c o n d u c t o r s  made 
o f  indium t i n  o x id e  which a r e  c o a t e d  on t h e  i n n e r  g l a s s  s u r f a c e s  
and e t c h e d  to  p r o v i d e  t h e  r e q u i r e d  p a t t e r n .  The l i q u i d  
c r y s t a l  m o le c u le s  a r e  in d u c e d  to  l i e  p a r a l l e l  t o  t h e  c o n d u c t i n g  
g l a s s  s u r f a c e s  by u s i n g  m ic ro g r o o v e s  p ro d u c e d  e i t h e r  by a 
r u b b in g  p r o c e s s  o r  by o b l i q u e l y  e v a p o r a t e d  d i e l e c t r i c  l a y e r s .
Such a c o n f i g u r a t i o n  w i t h  t h e  sample  d i r e c t o r  p a r a l l e l  t o  t h e  
g l a s s  s u r f a c e s  i s  r e f e r r e d  to  a s  a u n i d i r e c t i o n a l  homogeneous 
a l i g n m e n t .  A 90° t w i s t  i s  c o n f e r r e d  on t h e  sample  d i r e c t o r  
i n  t h e  c e l l  by h a v i n g  t h e  two g l a s s  s u r f a c e s  a l i g n e d  p e r p e n d ­
i c u l a r  t o  one a n o t h e r  ( f i g .  1 . 3 . 2 - 1 . ) .  In  t h i s  s t a t e  a p l a n e  
p o l a r i s e d  l i g h t  wave h i t t i n g  t h e  sample w i l l  be r o t a t e d  
t h r o u g h  90° on p a s s i n g  th r o u g h  i t .
F ig .  1 . 3 . 2 - 1 '  A s i m p l i f i e d . s c h e m a t i c  r e p r e s e n t a t i o n  o f  a TN c e l l
P o l a r i s e r  
G l a s s
a m s L ^
T r a n s p a r e n t  
e l e c t r o d e
P o l a r i s e r
The l i n e s  r e p r e s e n t  m o l e c u l e s ,  t h e i r  v a r y i n g  l e n g t h s  b e i n g  a 
m easure  o f  t h e i r  o u t  o f  p l a n e  i n c l i n a t i o n .
4-5 .
The c e l l  a p p e a r s  t r a n s p a r e n t  i n  t h i s  s t a t e ,  and th e  
i n c o r p o r a t i o n  o f  c r o s s e d  p o l a r i s e r s  e i t h e r  s i d e  o f  t h e  c e l l  
does  n o t  e x t i n g u i s h  t h i s  t r a n s p a r e n c y .  However,  when a 
p o t e n t i a l  i s  a p p l i e d  a c r o s s  t h e  c e l l ,  t h e  l o n g  m o l e c u l a r  a x e s  
l i n e  up w i t h  t h e  f i e l d  above a t h r e s h o l d  v o l t a g e  ( c a .  IV) 
s i n c e  Ae i s  p o s i t i v e .  The sample  d i r e c t o r  i s  th e n  p e r p e n ­
d i c u l a r  t o  t h e  g l a s s  s u r f a c e s  (h o m e o t r o p ic  a l i g n m e n t ,  f i g .
1 . 3 . 2 - 2 ) .  There  i s  t h u s  no r o t a t i o n  o f  p l a n e  p o l a r i s e d  
l i g h t  t h r o u g h  t h e  nem atogen  and l i g h t  t r a n s m i s s i o n  i s  e x t i n g ­
u i s h e d  b e c a u s e  o f  t h e  c r o s s e d  p o l a r i s e r s .  The c h a r a c t e r s  o f  
a TN d i s p l a y  t h e r e f o r e  s t a n d  o u t  in  b l a c k ,  and t h e  back  
s u r f a c e  i s  u s u a l l y  a m i r r o r .  The v a s t  m a j o r i t y  o f  com m erc ia l  
l i q u i d  c r y s t a l  d i s p l a y s  now u s e  t h e  TN e l e c t r o - o p t i c  e f f e c t .  
These d i s p l a y s  have  a h ig h  c o n t r a s t  r a t i o  (more th a n  1 0 : 1 )  and 
o p e r a t i o n  i s  a c h i e v e d  a t  low v o l t a g e s  ( c a .  2V) w i t h  a low
power c o nsum pt ion^^  (< iqW cm"^).
F i g .  1 . 3 . 2 - 2  TN c e l l  w i t h  f i e l d  " o n " .
jm L .
JULOJL.
1 . 3 .3  The g u e s t - h o s t  i n t e r a c t i o n .
C o lo u re d  d i s p l a y s  can be c o n s t r u c t e d  by i n c o r p o r a t i n g  
p l e o c h r o i c  dyes  i n t o  t h e  m esophase .  A p l e o c h r o i c  dye h as  an 
a b s o r b a n c e  t h a t  depends  upon t h e  o r i e n t a t i o n  o f  i t s  o p t i c  a x i s  
w i t h  r e s p e c t  to  t h e  e l e c t r i c  v e c t o r  o f  l i g h t .  When t h e  m ole ­
c u l a r  s t r u c t u r e  o f  such a dye a l l o w s  i t  t o  be l o c k e d  i n t o  a 
n e m a t i c  s t r u c t u r e ,  t h e  g u e s t - h o s t  i n t e r a c t i o n  can be o b t a i n e d ? ^  
The n e m a t i c  mesophase  ( t h e  h o s t )  i s  o r i e n t a t e d  so t h a t  t h e  
sample  d i r e c t o r  i s  p a r a l l e l  t o  t h e  g l a s s  e l e c t r o d e s  ( f i g .
1 . 3 . 3 - 1 ) .  The m o le c u le s  have  p o s i t i v e  As and t h e  sample  i s  
i l l u m i n a t e d  w i t h  l i g h t  p o l a r i s e d  p a r a l l e l  t o  t h e  sample
d i r e c t o r .
4-6
F ig .  1 . 3 . 3 - 1  M o le c u la r  c o n f i g u r a t i o n  f o r  t h e  g u e s t - h o s t  
i n t e r a c t i o n .
— P o l a r i s e r
The dye ( g u e s t )  m o l e c u l e s ,  i f  t h e y  a r e  t h e  r i g h t  s h a p e ,  
w i l l  be c o n s t r a i n e d  to  l i e  p a r a l l e l  to  t h e  sample  d i r e c t o r .
In  t h i s  c o n f i g u r a t i o n ,  t h e  dye m o le c u le s  w i l l  be s t r o n g l y  
a b s o r b i n g  s i n c e  t h e i r  o p t i c  a x e s  a r e  p a r a l l e l  t o  t h e  e l e c t r i c  
v e c t o r  o f  t h e  i n c i d e n t  l i g h t .  When a v o l t a g e  i s  a p p l i e d  
( f i g .  1 . 3 . 3 - 2 )  a h o m e o t r o p ic  a l i g n m e n t  i s  o b t a i n e d  and t h e  
i n c i d e n t  l i g h t  i s  now p o l a r i s e d  p e r p e n d i c u l a r  to  t h e  o p t i c  
a x i s  o f  t h e  g u e s t .
F i g .  1 . 3 . 3 - 2  G u e s t - h o s t ,  c e l l ,  f i e l d  " o n " .
The g u e s t  i s  t h e n  w eak ly  a b s o r b i n g ,  and a c o l o u r  
s w i t c h i n g  e f f e c t  h a s  been a c h i e v e d .  An e a r l y  example  o f  
such a sy s tem  i s  \%  in d o p h e n o l  b l u e  (XXXIV) in  4--p- 
e t h o x y b e n z y l i d e n e a m i n o b e n z o n i t r i l e  (XXXV).
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( C H 3 ) 2 N - ( ^ y -  0
( X X X I V )
E f - 0 - ( ^ ) - C H = N — ( »— CN ( X X X V )
This  ty p e  o f  d i s p l a y  g i v e s  n e g a t i v e  c o n t r a s t  w i th  
b r i g h t  c h a r a c t e r s  on a c o l o u r e d  b a c k g ro u n d ;  t h e  c o n t r a s t  
i s  r e v e r s e d  i f  a m a t e r i a l  w i t h  n e g a t i v e  Ae i s  u s e d  w i t h  
h o m e o t r o p ic  b o u n d a ry  c o n d i t i o n s .
1 .3 .4 -  C h o l e s t e r i c  l i q u i d  c r y s t a l  d i s p l a y s .
The m a jo r  e l e c t r o - o p t i c  e f f e c t  i n  c h o l e s t e r i c  l i q u i d  
c r y s t a l s  u s e s  m a t e r i a l s  w i t h  p o s i t i v e  Ae t h a t  have  p l e o c h r o i c  
dyes  d i s s o l v e d  in  them. L i g h t  g u i d i n g  o f  t h e  ty p e  u s e d  in  
TN d i s p l a y s ,  where t h e  p l a n e  o f  p o l a r i s e d  l i g h t  i s  r o t a t e d ,  
i s  n o t  p o s s i b l e  f o r  a c h o l e s t e r i c  m a t e r i a l  u n d e r  s i m i l a r  
c o n d i t i o n s .  This  i s  b e c au se  t h e  n a t u r a l  p i t c h  o f  a c h o l e ­
s t e r i c  m a t e r i a l  i s  t y p i c a l l y  l e s s  th a n  lOym, and t h e  r a t e  o f  
t w i s t  o f  t h e  d i r e c t o r  i s  t h u s  to o  r a p i d  f o r  g u i d i n g  to  o c c u r .  
C o n s e q u e n t ly  a d i s s o l v e d  p l e o c h r o i c  dye can a b s o r b  a l l  
p o l a r i s a t i o n s  o f  i n c i d e n t  l i g h t ^ ^  s i n c e  t h e  dye m o l e c u l e s  a r e  
c o n s t r a i n e d  to  l i e  p a r a l l e l  t o  t h e  sample  d i r e c t o r  ( f i g .
1 . 3 . 4 - 1 ) .
4 8 .
D i r e c t o r  p a t t e r n  o f  l i q u i d  c r y s t a l  in  a 
c h o l e s t e r i c - n e m a t i c  p h a s e  change c e l l .
An e l e c t r i c  f i e l d  r e - o r i e n t s  t h e  d i r e c t o r ,  a p r o c e s s  
r e g a r d e d  a s  u n w in d in g  o f  t h e  c h o l e s t e r i c  h e l i x  in  s h o r t  
p i t c h  m a t e r i a l s  and c a l l e d  t h e  c h o l e s t e r i c - n e m a t i c  p h a s e - c h a n g e  
e f f e c t . T h e  r e s u l t i n g  c o n f i g u r a t i o n  i s  shown in  f i g .
1 . 3 . 4 - 2  where t h e  e l e c t r i c  f i e l d  i s  a p p l i e d  p e r p e n d i c u l a r  to  
t h e  p l a n e  o f  t h e  p a p e r .





D i r e c t o r  o f  l i q u i d  c r y s t a l .
With t h i s  sys tem  a d e q u a te  c o n t r a s t  can be a c h i e v e d  w i t h ­
o u t  p o l a r i s e r s  and t h e  b r i g h t n e s s  i s  s i g n i f i c a n t l y  b e t t e r  
th a n  f o r  TN d i s p l a y s .  The d e v i c e  j u s t  d e s c r i b e d  shows c l e a r  
c h a r a c t e r s  on a c o l o u r e d  b a c k g ro u n d  b u t  t h e  c o n t r a s t  can be 
r e v e r s e d  by u s i n g  m a t e r i a l s  w i t h  a n e g a t i v e  Ae.
1 . 3 . 5  Sm ec t ic  A d i s p l a y s .
S m ec t ic  A l i q u i d  c r y s t a l s  can e x i s t  in  one o f  two 
a l t e r n a t i v e  t e x t u r e s  in  a t h i n  l a y e r .  In  a l a y e r  w i t h
49.
h o m e o t ro p ic  bo u n d a ry  c o n d i t i o n s  t h e r e  can be a c l e a r  
t r a n s p a r e n t  t e x t u r e  w i t h  t h e  d i r e c t o r  n o rm a l  t o  t h e  s u r f a c e s  
o r  a s c a t t e r i n g  ( f o c a l - c o n i c )  t e x t u r e  shown s c h e m a t i c a l l y  in  
f i g .  1 . 3 . 5 - 1 .  I f  t h e  mesogen h a s  a p o s i t i v e  As i t  can be 
changed from one t e x t u r e  to  t h e  o t h e r  by u s i n g  t h e  o v e r l y i n g  
n e m a t i c  and i s o t r o p i c  p h a s e s  w i t h  t h e  a p p l i c a t i o n  o f  h e a t  and 
an e l e c t r i c  f i e l d  ( f i g .  1 . 3 . 5 - 1 ) .  H e a t i n g  to  t h e  i s o t r o p i c  
ph ase  f o l l o w e d  by r a p i d  c o o l i n g  t h r o u g h  t h e  n e m a t i c  ph ase  
p ro d u c e s  t h e  s c a t t e r i n g  t e x t u r e .  A p p ly in g  a m o d era te  v o l t a g e  
as  w e l l  as  t h e  h e a t  p r o d u c e s  a l i g n m e n t  in  t h e  n e m a t i c  ph ase  
and r e s u l t s  in  t h e  c l e a r  a l i g n e d  s m e c t i c  t e x t u r e .  The 
a p p l i c a t i o n  o f  a h i g h e r  v o l t a g e  e r a s e s  t h e  whole  d i s p l a y  by 
t r a n s f e r r i n g  t h e  whole  l a y e r  t o  t h e  t r a n s p a r e n t  t e x t u r e .  A 
h i g h  r e s o l u t i o n  image can be p ro d u ce d  by s c a n n i n g  a f o c u s s e d  
l a s e r  beam a c r o s s  a s m e c t i c  A l a y e r  and c o n v e r t i n g  t h e  l a s e r  
e n e rg y  i n t o  h e a t  w i t h i n  t h e  l a y e r  by u s i n g  e i t h e r  a b s o r p t i o n  
s u r f a c e  l a y e r s  o r  a dye d i s s o l v e d  in  t h e  l i q u i d  c r y s t a l .  The 
image can be p r o j e c t e d  on to  a screen.^ g i v i n g  b l a c k o w r i t t e n  
l i n e s  on a b r i g h t  b a c k g ro u n d ,  b u t  t h i s  can be r e v e r s e d  by t h e  
i n s e r t i o n  o f  a S c h l i e r e n  s t o p .  The p e r fo rm a n c e  o f  l a s e r  
a d d r e s s e d  sy s tem s  i s  i m p r e s s i v e  w i t h  a p o s s i b l e  r e s o l u t i o n  o f  
up to  s e v e r a l  t h o u s a n d  l i n e s  in  each  a x i s .  W r i t i n g  s p eed  
depends  upon t h e  power o f  t h e  l a s e r  u s e d ,  and t im e s  as  low 
as  t h r e e  s e co n d s  have  been r e p o r t e d ^  f o r  w r i t i n g  o v e r  10^ 
p i c t u r e  e l e m e n t s  w i t h  a h ig h -p o w e r  a rgon  l a s e r .
1 . 4  Nematic  m a t e r i a l s  f o r  e l e c t r o - o p t i c  d i s p l a y s :  r e c e n t
d ev e lo p m e n ts  and p r e s e n t  w o r k .
The f o l l o w i n g  d i s c u s s i o n  i s  l i m i t e d  to  m a t e r i a l s  
d e v e lo p e d  f o r  u s e  i n  n e m a t i c  l i q u i d  c r y s t a l  d i s p l a y s .  I f  
t h e y  a r e  to  be u s e f u l  i n  t h e s e  d i s p l a y s ,  t h e  m a t e r i a l s  must  
g i v e  low ( a m b ie n t )  t e m p e r a t u r e  n e m a t i c  p h a s e s .  Fo r  d e v i c e s  
u s i n g  nem atogens  i t . i s  b e s t  t o  have compounds t h a t  p a s s  
d i r e c t l y  from t h e  c r y s t a l l i n e  t o  t h e  n e m a t i c  p h a se  t h e r e b y  
e x c l u d i n g  any s m e c t i c  p h a s e .  As m en t io n e d  e a r l i e r ,  i t  i s  
u n f o r t u n a t e l y  d i f f i c u l t  t o  p r e d i c t  t h e  s t a b i l i t y  o f  t h e  
c r y s t a l l i n e  p h a s e s  (and t h e r e f o r e  t h e  m e l t i n g  p o i n t )  o f  a 
nem atogen  a p a r t  f rom a few e m p i r i c a l  r u l e s .  For  exam ple ,  
an i n c r e a s e  in. t h e  number o f  a r o m a t i c  r i n g s  o r  t h e  u s e  o f  
s t r o n g l y  p o l a r  g roups  t e n d s  t o  i n c r e a s e  t h e  m e l t i n g  p o i n t
50
F i g .  1 . 3 . 5 - 1 T r a n s i t i o n s  be tw een  t h e  c l e a r  and s c a t t e r i n g  
t e x t u r e s  o f  a s m e c t i c  A l a y e r ».
S O T R O P I C
C o o l i n g  in 
m o d e r a t e  EC o o l i n g  in 
z e r o  E
n e m a t i c
SMECTI C S e l e c t i v e  
e r a s e  •>W r i t e
H e a t i n g H e a t i n g
S t r o n g  E
" T o t a l  e r a s e  "
F o c a l - c o n i c  t e x t u r e  
( s c a t t e r i n g  )
H o m e o t r o p i c  t e x t u r e  
( c l e a r )
E i s  e l e c t r i c  f i e l d .
51.
w h e re a s  l o n g  a l k y l  c h a i n s  t e n d  to  d e c r e a s e  i t .  Hence a 
compromise i s  n e e d e d  s i n c e  l o n g  a l k y l  c h a i n s  f a v o u r  t h e  
p r e s e n c e  o f  a s m e c t i c  p h a s e .  A compound t h a t  was o f t e n  u s e d  
in  t h e  l a t e  s i x t i e s  and e a r l y  s e v e n t i e s  was 4 - -m e thoxybenzy l idene  
4- '- n - b u t y l a n i l i n e  (MBBA, (XXXVl)). T h is  h a s  a n e m a t i c  r a n g e  
o f  21-4-7°C; how ever ,  p r o d u c t i o n  o f  n e m a t i c  p h a s e s  in  t h e  
0-20°C ra n g e  w i th  s i n g l e  p u re  s u b s t a n c e s  h a s  p ro v ed  d i f f i c u l t .  
The p rob lem  can be overcome by m ix ing  two o r  more nem a to g en s  
t o g e t h e r ,  which  p r o d u c e s  a f r e e z i n g  p o i n t  d e p r e s s i o n  w i t h o u t  
g r e a t l y  a f f e c t i n g  T^^. For  exam ple ,  t h e  e th o x y  homologue o f  
MBBA (EBBA, (XXXVII)) h as  a n e m a t i c  r a n g e  o f  36 -80°C ,  b u t  a 
m i x t u r e  o f  67^ MBBA and 33^ EBBA h as  a n e m a t i c  r a n g e  o f  a b o u t  
-16°C to  +50°C.
MeO 4 H9 ( X X X V I )
Et O 4 H9 ( X X X V I I )
A t y p i c a l  p h a s e  d iag ram  o f  t h i s  t y p e  o f  m i x t u r e  i s  
g iv e n  ( f i g .  1 . 4 - - l ) . ^ ^
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F i g .  l . i - 1  Phase  d ia g ra m  f o r  a  m i x t u r e  o f  b e n z y l i d e n e  
a n i l i n e s ,  A and B.
G r e a t e s t  n e m a t i c  r a n g e  a t  c o m p o s i t i o n  x .
Temp.
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S u b s t a n c e s  which  do n o t  have a mesophase  t h e m s e l v e s  
may be mixed w i t h  a mesogen and s t i l l  g iv e  a m esophase ,  
e s p e c i a l l y  i f  t h e y  have  an e l o n g a t e d  shape  t h a t  w i l l  f i t  
e a s i l y  i n t o  t h e  mesophase  s t r u c t u r e .  The r e s u l t i n g  m i x t u r e  
w i l l  have a l o w e r  T^^, and i n d e e d  t h e  r e d u c t i o n  o f  T^^ w i t h  
i n c r e a s i n g  mole % o f  t h e  n o n -m e so g e n ic  compound i s  g e n e r a l l y  
l i n e a r ,  a s  i s  t h e  N^I l i n e  i n  f i g .  1 . 4 - 1 .  However, when t h e  
mole % o f  t h e  n o n -m e so g e n ic  compound r i s e s  beyond a c e r t a i n  
v a l u e ,  t h e  m esogen ic  p r o p e r t i e s  w i l l  d i s a p p e a r .  In  a d d i t i o n ,  
low s o l u b i l i t y  may p ro v e  to  be a p ro b le m ,  and  p r e v e n t  t h e  
a t t a i n m e n t  o f  a h i g h  mole % r a t i o  f o r  t h e  n o n - m e s o g e n ic  
compound. U s e fu l  i n f o r m a t i o n  can t h e n  be o b t a i n e d  by 
e x t r a p o l a t i n g  t h e  N->I l i n e  t o  100 m o l e  % non-m esogen  ( f i g .
1 . 4 - 2 ) .  The v a l u e  o f  t h e  t e m p e r a t u r e  a t  t h i s  p o i n t  i s  c a l l e d  
t h e  v i r t u a l  N-t-I t r a n s i t i o n  t e m p e r a t u r e ,  and t h i s  w i l l  be l o w e r  
th a n  t h e  m e l t i n g  p o i n t  o f  t h e  non -m e so g en .  I f  t h e  v i r t u a l  
Tj^j i s  much lo w e r  t h a n  t h e  m e l t i n g  p o i n t  o f  t h e  n o n -m e so g en ,  
t h i s  i s  an i n d i c a t i o n  t h a t  t h e  s u b s t a n c e  h a s  a v e r y  low 
t e n d e n c y  to  form m eso p h a ses .  C o n v e r s e l y ,  i f  t h e  d i f f e r e n c e  
be tw een  m e l t i n g  p o i n t  and v i r t u a l  T^^ i s  s m a l l ,  i t  m ig h t  be 
p o s s i b l e  to  o b s e r v e  a m o n o t ro p ic  N-^I t r a n s i t i o n  i f  e f f i c i e n t
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s u p e r c o o l i n g  c a n . b e  i n d u c e d .  Even when s u p e r c o o l i n g  i s  
d i f f i c u l t ,  a r e l a t i v e l y  h i g h  v i r t u a l  i s  an i n d i c a t i o n  t h a t
t h e  s t r u c t u r e  h as  some t e n d e n c y  to  mesophase  f o r m a t i o n .  This  
can h e l p  in  d e c i d i n g  w h e th e r  to  s y n t h e s i s e  f u r t h e r  s i m i l a r  
compounds, o r  w h e t h e r  t h e  i n c l u s i o n  o f  such  a compound in  a 
l i q u i d  c r y s t a l  m i x t u r e  c o u ld  be a d v a n t a g e o u s .  Many com m erc ia l  
m i x t u r e s  c o n t a i n  v a r y i n g  amounts  o f  n on-m e sogens  in  an a t t e m p t  
t o  o p t i m i s e  e l e c t r i c a l ,  o p t i c a l  and o t h e r  p a r a m e t e r s  r e l e v a n t  
to  d i s p l a y  d e v i c e  o p e r a t i o n .
F ig .  1 . 1 - 2  D e t e r m i n a t i o n  o f  v i r t u a l  N^I t e m p e r a t u r e s .
X = TNI a t  known c o m p o s i t i o n .
Te mp.
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In  compounds such  as  MBBA and EBBA, t h e  -CH=N- l i n k a g e  
i s  p r e s e n t ,  and t h i s  i s  s e n s i t i v e  t o  h y d r o l y s i s  and o x i d a t i o n .
In  d e v i c e s  u s i n g  such  compounds, t h e  l i f e t i m e  o f  t h e  c e l l  i s  
l i m i t e d  by e l e c t r o c h e m i c a l  r e a c t i o n s  which  g r a d u a l l y  decompose 
t h e  n e m a t i c  l i q u i d ,  p r o d u c i n g  b u b b l e s  and d i s c o l o u r a t i o n .  
M ix tu r e s  o f  compounds c o n t a i n i n g  a.hoxy l i n k a g e s  (-N=N-) in  p l a c e
0
of  t h e  a n i l s  were found  to  be more s t a b l e ,  b u t  t h e s e  and o t h e r  
r e l a t e d  compounds a r e  c o l o u r e d  which r e s u l t s  in  i n f e r i o r  
c o n t r a s t  i n  t h e  d i s p l a y s .  Some a - c h l o r o s t i l b e n e s  ° were 
s y n t h e s i s e d  (XXXVIIl) in  an a t t e m p t  t o  p ro d u c e  low m e l t i n g  
n e m a to g e n s .  The a - c h l o r o  g roup  was i n c l u d e d  to  d e s t a b i l i s e
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( XXXVI I I )
t h e  s o l i d  c r y s t a l  p h ase  o f  t h e  compounds by f o r c i n g  th e  
benzene  r i n g s  t o  a d o p t  a n o n - p l a n a r  c o n f o r m a t i o n .  T h is  
r e d u c e s  t h e  C->N t e m p e r a t u r e  compared t o  t h e  u n s u b s t i t u t e d  
s t i l b e n e s  and t h u s  p r o d u c e s  a n e m a t i c  p h ase  n e a r e r  t o  room 
t e m p e r a t u r e .  Th is  ty p e  o f  a p p r o a c h  does  n o t  a lw ays  s u c c e e d  
s i n c e  a s t e r i c  e f f e c t  o f  t h i s  n a t u r e  a l s o  d e s t a b i l i s e s  t h e  
n e m a t i c  p h a se  as  d e s c r i b e d  e a r l i e r .  When t h e  d e s t a b i l i s a t i o n  
o f  t h e  n e m a t i c  p h ase  i s  g r e a t e r  th a n  t h e  e f f e c t  on t h e  s o l i d  
p h a s e ,  'Resophase  f o r m a t i o n  may be e x c lu d e d  a l t o g e t h e r .
The a - c h l o r o s t i l b c n e s  a r e  in  f a c t  c o l o u r l e s s  b u t  p ro v e d  
to  be h i g h l y  p h o t o c h e m i c a l l y  u n s t a b l e .  P h e n y l  b e n z o a t e s ,  
which have  an e s t e r  l i n k a g e  as  t h e  c e n t r a l  g ro u p ,  have  a l s o  
been u s e d .  Again ,  t h e s e  a r e  c o l o u r l e s s ,  b u t  s e n s i t i v e  to  
h y d r o l y s i s .  The s t a b i l i t y  p rob lem  was f i n a l l y  s o l v e d  by 
l e a v i n g  o u t  t h e  c e n t r a l  l i n k i n g  group a l t o g e t h e r  t o  p ro d u c e
4-, 4-'- d i s u b s t i t u t e d  b i p h e n y l s .  A s i n g l e  bond as  t h e  c e n t r a l  
l i n k i n g  group  i s  known to  be p o o r  in  p r o m o t in g  n e m a t i c  
t h e r m a l  s t a b i l i t y ,  b u t  t h i s  e f f e c t  was o f f s e t  by u s i n g  a 
t e r m i n a l  cyano g ro u p .  The o t h e r  t e r m i n a l  g roup  u s e d  was 
a l k y l  o r  a l k o x y  which p rom otes  n e m a t i c  o r d e r  and m a i n t a i n s  a 
low m e l t i n g  p o i n t .  The r e s u l t i n g  4 - a l k y l  ( o r  a l k o x y ) - 4 ' -  
c y a n o b i p h e n y l s  a r e  c o l o u r l e s s ,  s t a b l e  and have  r e a s o n a b l y  low 
m e l t i n g  p o i n t s .  In  a d d i t i o n  t h e y  have  p o s i t i v e  Ac and can 
be u s e d  in  t w i s t e d  n e m a t i c  d e v i c e s .  An example  i s  4 - c y a n o - 4 ' -  
p e n t y l b i p h e n y l  (XXXIX) which  has  a n e m a t i c  r a n g e  o f  2 2 .5  to  
35°C; m i x t u r e s  o f  t h i s  compound w i th  o t h e r  a l k y l c y a n o b i p h e n y l s  
can g iv e  n e m a t i c  r a n g e s  o f  t h e  o r d e r  o f  -10  to  +58°G. These 
m i x t u r e s  a r e  now p r o d u ce d  c o m m e r c i a l ly  and w i d e l y  u s e d  in  
e l e c t r o - o p t i c  d i s p l a y s .
55.
"-Cg "11 CN
( X X X I X )
F a v o u r a b l e  r e s u l t s  have  a l s o  been o b t a i n e d  f rom compounds 
where  a l i c y c l i c  r i n g s  r e p l a c e  t h e  a r o m a t i c  r i n g s ,  g i v i n g  
h i g h e r  N->I t e m p e r a t u r e s  a s  d e s c r i b e d  e a r l i e r .  S e r i e s  o f  
compounds such  a s  (XL) and (XLl) a r e  t y p i c a l .
( X L )
A l k y l CN ( X  LI )
In  a l l  c a s e s  t h e  c y c lo h e x a n e  r i n g s  must be 1 , 4 - t r a n s  
s u b s t i t u t e d  t o  p r e s e r v e  t h e  l i n e a r i t y  o f  t h e  m o l e c u l e s .
M i x t u r e s  o f  s u b s t i t u t e d  p h e n y l - 4 - n - a l k y l c y c l o h e x a n o a t e s  and 
o t h e r  r e l a t e d  compounds have  a l s o  been a p p l i e d  in  e l e c t r o - o p t i c  
d i s p l a y s . T h e s e  a r e  c l a im e d  t o  be s t a b l e ,  and have  
r e l a t i v e l y  low v i s c o s i t i e s  and t h r e s h o l d  v o l t a g e s .  Low 
v i s c o s i t i e s  a r e  d e s i r a b l e  s i n c e  t h e y  l e a d  to  q u i c k e r  r e s p o n s e  
t i m e s  o f  t h e  m esophases  t o  t h e  a p p l i e d  v o l t a g e s .  These  
compounds (X L I l )  a l s o  have  p o s i t i v e  d i e l e c t r i c  a n i s o t r o p i e s .
5 6 .
CnH 2 n + l
( X L I I )
T h is  t h e s i s  i s  c o n c e r n e d  w i t h  t h e  m e so g e n ic  p r o p e r t i e s  
o f  f l u o r e n e s  w hich  a r e  b r i d g e d  b i p h e n y l s .  The b r i d g e
o f  f l u o r e n e  ( ( X L I I l ) ,  X and Y=H) c o n s t r a i n s  t h e  m o le c u le  t o  
be p l a n a r w h i c h  i s  f a v o u r a b l e  t o  m e so g e n ic  s t a b i l i t y .  
C o n v e r s e l y  t h e  b r i d g e  w i l l  a l s o  b r o a d e n  t h e  m o le c u le  and ,  
u n l i k e  t h e  co m p a ra b ly  s u b s t i t u t e d  b i p h e n y l  m o l e c u l e s ,  t h e  
r i n g  -X and r i n g  - Y bonds  o f  f l u o r e n e  a r e  n o t  c o l l i n e a r  
b e c a u s e  t h e  m o le c u le  i s  b e n t  a s  shown.
CH
( X L I I I
Y
Some f l u o r e n e  compounds w i th  m eso g e n ic  p r o p e r t i e s  have  
a l r e a d y  been  r e p o r t e d .  For  exam ple ,  a n i l s  o f  t h e  ty p e  
(XLIV) and (XLV) have  been p r e p a r e d  w hich  show b o t h  s m e c t i c
and n e m a t i c  b e h a v i o u r . 4 6
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N =  CH O R ( X L I V )
O o N = C H OR ( X L V )
S i m i l a r l y ,  (XLVI) and  (XLVII) g i v e  m e s o p h a s e s ^  b u t  t h e  
c a r b o x y l i c  a c i d s  e x i s t  as  d i m e r s  and have  h i g h  t r a n s i t i o n  
t e m p e r a t u r e s .
RO C O g H  ( X L V I )
RO C O g P r  ( X L V I I )
In  an a t t e m p t  t o  d i s c o v e r  even l o w e r  m e l t i n g  n e m a t o g e n s .  
G r a y  4 8  made a l i m i t e d  i n v e s t i g a t i o n  i n t o  t h e  f l u o r e n e  a n a l o g u e s  
o f  t h e  s u c c e s s f u l  a l k y l c y a n o b i p h e n y l s .  However ,  t h e  two 
compounds examined  ( t a b l e  l . l - l )  gave h i g h e r  m e l t i n g  p o i n t s
5 8 .
t h a n  t h e  b i p h e n y l s ,  and  showed l i t t l e  t e n d e n c y  t o  m es og e n i c  
b e h a v i o u r .  N e v e r t h e l e s s  i t  was d e c i d e d  i n  t h i s  work t o  e x t e n d  
G r a y ’ s i n v e s t i g a t i o n  t o  h i g h e r  homol ogues  o f  t h e  a l k y l  s e r i e s  
i n  t h e  hope o f  p r o d u c i n g  e n a n t i o t r o p i c  n e m a t i c  p h a s e s .
Depending  on t h e  r e s u l t s  o f  t h e s e  s t u d i e s ,  o t h e r  X and Y g r o u ps  
c o u l d  be i n t r o d u c e d  where  p r a c t i c a b l e ;  one f o r m u l a t i o n  e n v i s ­
aged  was X as  a l k y l  and Y as  a l k o x y .  These  a r e  t h e  same 
t e r m i n a l  g r o up s  as  t h o s e  o f  MBBA and i t s  h o mo l og ue s ,  and have  
been u s e d  e l s e w h e r e  t o  p r o d u c e  n e m a t og en s  ( e . g .  in  b i c y c l e  
( 2 . 2 . 2 ) o c t a n e  c a r b o x y l i c  e s t e r s a n d  many o t h e r  i n s t a n c e s ) .
A p o s s i b l e  a l t e r n a t i v e  t o  t h e  -CH^- b r i d g e  o f  f l u o r e n e  
c o u l d  be a -CH^OCH^- b r i d g e  a s  i n  t h e  d i h y d r o d i b e n z o x e p i n  
( X L V I I l ) ,  o r  a -CO- b r i d g e  g i v i n g  a f l u o r e n o n e  (XLIX).
X Y ( X L V I I I )
0
X Y ( X L I X
The s hape  o f  (XLVII l )  i s  somewhat  d i f f e r e n t  f rom t h a t  o f  
f l u o r e n e .  The m o l e c u l e  i s  b r o a d e r  and t h e  b en zene  r i n g s  a r e  
n o t  c o p l a n a r ^ °  b u t  t h e  r i n g  -X and r i n g  - Y bonds  a r e  more 
n e a r l y  c o l l i n e a r .  However ,  t h e  s y n t h e s i s  o f  d i s u b s t i t u t e d  
a n a l o g u e s  (X and Y /  H) o f  (XLVII l )  and (XLIX) p r o v e d  t o  be 
d i f f i c u l t  a s  w i l l  s u b s e q u e n t l y  )be d e s c r i b e d .
5 9 .
Ta b l e  1 . ^ - 1  T r a n s i t i o n  t e m p e r a t u r e s  f o r  a l k y l c y a n o f l u o r e n e s .  ^
T e m p e r a t u r e s  a r e  g i v e n  f o r  t h e  compounds:
( X L I I I )
X Y C+I/°C
n-C^Hg CN 6 3 .5 [ - 23J *
CN 1 0 6 .5 - t
M o n o t r o p i c  t r a n s i t i o n
t  No n e m a t i c  p h a s e  was o b s e r v e d  even on r a p i d  c h i l l i n g ,  
c r y s t a l l i s a t i o n  o c c u r r i n g  a t  82°C.
6 0 .
1 . 5  R e f e r e n c e s .
0.  Lehmann,  Z. P h y s i k a l . Chem. , 1889,  K ,  4-68.
 ^ G. F r i e d e l ,  A n n . P h y s . ,  1922,  1 8 *  27 3 .
3 S. C h a n d r a s e k h a r ,  B.K.  S a d a s h i r a  and K.A. S u r e s h ,
Pramana ,  1977,  9, 4-71.
S. C h a n d r a s e k h a r ,  B.K. S a d a s h i r a ,  K.A. S u r e s h ,  N.V. 
Madhusudana ,  S. Kumar,  R. S h a s h i d a r  and  C. V e n k a t e s h ,
J . P h y s . ,  P a r i s  1979,  AO. c 3 - 1 2 0 .
5 C.¥ .  Cray i n  L i q u i d  C r y s t a l s  and P l a s t i c  C r y s t a l s ,  v o l . l
(1974-),  E l l i s  Horwood,  p . 327 e t . s e q .
6 C . ¥ .  Cray ,  P h i l . T r a n s . R o y . S e e . A  1983,  309 (1507)  82.
7 A. Saupe i n  L i q u i d  C r y s t a l s  and P l a s t i c  C r y s t a l s ,  v o l . l
(1974-) E l l i s  Horwood,  p . 26 e t . s e q .
8 N.H. H a r t s h o r n e  and A. S t u a r t ,  C r y s t a l s  and t h e  P o l a r i s i n g
M i c r o s c o p e  ( 1 9 5 0 ) ,  Ar no l d  and Co . ,  p . 37 e t . s e q .
9 K. Markau and ¥.  M a i e r ,  Chem.Ber .  1962 ,  _95, 889,
10 C . ¥ .  Cray ,  Mol . C r y s t . Liq . C r y s t . 1981 ,  6_3, 3.
11 N. C a r r ,  C . ¥ .  Cray and S.M. K e l l y ,  M o l . C r y s t . L i q . C r y s t . ,
1981 ,  66.  267.
12 C . ¥ .  Cray i n  Advances  in  L i q u i d  C r y s t a l s  v o l . 2 ( 1 9 7 6 ) ,
ed .  C.H. Brown,  p . 1 - 7 2 .
13 D. V o r l a n d e r ,  Z .Phys .Chem.  1927 ,  1 2 6 , 4-4-9.
1^ C. ¥ i e g a n d ,  Z . N a t u r f .  1954-, 9b,  516.
15 ¥ .H.  de J e u ,  J .  Van d e r  Veen and ¥ . J . A. C o o s s e n s ,  S o l i d
S t a t e  Commun., 1973,  12,  4-05.
15 C. ¥ .  Cray i n  The M o l e c u l a r  P h y s i c s  o f  L i q u i d  C r y s t a l s  ( 1 9 7 9 ) ,
ed .  L u c k h u r s t  and Cray ,  Academic P r e s s ,  C h a p t e r  1 .
17 C . ¥ .  Cray,  J . B .  H a r t l e y  and B. J o n e s ,  J . C h e m . S o c . ,  1955,  14-12.
18 ¥ . R .  Young,  Mol . C r y s t . L i q . C r y s t . ,  1970 ,  10 ,  237.
19 C. ¥ .  Cray ,  M o l . C r y s t . ,  1966 ,  1,  333.
2 0 C . ¥ .  Cray i n  L i q u i d  C r y s t a l s  and P l a s t i c  C r y s t a l s  ( 1 9 7 4 ) ,
ed .  Cray and ¥ i n s o r ,  E l l i s  Horwood,  p . 123 e t . s e q .
21 A . J .  L e a d b e t t e r ,  R.M. R i c h a r d s o n  and C.N. C o l l i n g ,  J . P h y s .  
( P a r i s )  1975 ,  36,  37.
2 2  M.J .  Bradshaw and E.P.  Raynes,  Mol . C r y s t . L i q . C r y s t . , 1981,
72,  73.



















4 2  
4 3
61.
G.¥.  Gray and B. J o n e s ,  J . C h e m . S o c . ,  1955 ,  236.
I .  T e u c h e r ,  C.M. P a l e o s  and M.M. L a b e s ,  Mol . C r y s . L i q .
C r y s t . ,  1973 ,  20 ,  343.
G.¥.  Gray i n  The M o l e c u l a r  P h y s i c s  of  L i q u i d  C r y s t a l s  
(1 9 7 9 ) ,  ed .  L u c k h u r s t  and Cr ay ,  Academic P r e s s ,  p . 17.
H . J .  D e u t s c h e r ,  F. K u s c h e l ,  S. Konig ,  H. K r e s s e ,  D. P f e i f f e r ,
D. ¥ i e g e l e b e n ,  J .  ¥ u l f  and D. De.mus, Z.Chem. ,  1977 ,  17,  6 4 .
I . H .  I b r a h i m  and ¥.  Haase ,  M o l . C r y s t . L i q . C r y s t . ,  1981 ,  6 6 , 
189.
G.¥.  Gray,  N.A. L a n g le y  and K . J .  Toyne,  Mol . C r y s t . L i q .
C r y s t . L e t t . ,  1981 ,  239.
P.G.  de Gennes i n  The P h y s i c s  o f  L i q u i d  C r y s t a l s  ( 1 9 7 4 ) ,  
C l a r e n d o n  P r e s s ,  Oxford ,  c h a p t e r  2.
¥.  Maie r  and G. M e i e r ,  Z . N a t u r f o r s c h  A. ,  1961,  I 6 , 262.
¥ . H .  de J e u ,  M o l . C r y s t . L i q . C r y s t . ,  1 9 81 ,  6 3 , 83.
P.G.  de Gennes ,  M o l . C r y s t . L i q . C r y s t . ,  1971,  12 ,  197.
E. P .  Raynes,  P h i l . T r a n s . R o y . S o c . L o n d . A ,  1983,  3 0 9 , 167.
J . L .  J a n n i n g ,  A p p l . P h y s . Let t . ,  1972 ,  21,  173.
C.H. He I me ie r  and L.A.  Z a n o n i ,  A p p l . P h y s . L e t t . ,  1968 ,
13,  91.
D.L.  ¥ h i t e  and G.N. T a y l o r ,  J . A p p l . P h y s . ,  1974,  4A» 4718.
J . J .  ¥ y s o c k i ,  J .  Adams and ¥ .  Haas ,  P h y s . R e v . L e t t . ,  1968 ,
20,  1 0 2 4 .
G. E l l i o t t ,  Chem. i n  B r i t a i n ,  1973 ,  9, 213.
¥ . R .  Young, A. Aviram and R . J .  Cox,  Angew,.Chem. ( i n t . E d . )  
1971 ,  10 ,  4 1 0 .
L. P o h l ,  R. E i d e n s c h i n k ,  J .  K rau se  and D. Erdmann,  Angew. 
Chem. ( I n t . E d . )  1977,  I 6 , 100.
L. P o h l ,  R. E i d e n s c h i n k ,  J .  Krause  and G. ¥ e b e r ,  P hy s .
L e t t . ,  1978 ,  65A, I 6 9 .
D. Demus and H. Z a sc hk e ,  M o l . C r y s t . L i q . C r y s t . , 1981 ,  6 3 , 129 .
E.A.  Braude  and ¥ . F .  F o r b e s ,  J . C h e m . S o c . ,  1955 ,  3776.
D.M. Burns  and J .  I b a l l ,  P r o c . R o y . Soc .A,  1955 ,  2 2 7 , 200.4 5 
4 6
4 7
G.¥.  Gray,  J . B .  H a r t l e y ,  A. I b b o t s o n  and B. Jones^ 
J . C h e m . S o c . ,  195 5 ,  4359.




G.¥ .  Gray,  K . J .  H a r r i s o n ,  J . A .  Nash,  J .  C o n s t a n t ,  D.S.  Hulme,  
J .  K i r t o n  and E . P .  Raynes  i n  L i q u i d  C r y s t a l s  and O r de r ed  
F l u i d s  ( 1 9 7 4 ) ,  ed .  J . F .  J o h n so n  and R . S .  P o r t e r ,  Plenum 
P r e s s ,  New York,  v o l . 2,  p . 6 l 7  e t . s e q .
G.¥ .  Gray,  S.M. K e l l y ,  D.G. McDonnel l  and A. Mosley ,
B r i t .  U.K. P a t . A p p l .  GB 2 , 0 6 9 , 4 8 3 ,  Chem.Abs.  1982 ,  96, 
142329V.
5 0 K. Mis low,  M.A.¥.  G l a s s ,  H.B.  Hopps,  E. Simon and 
G.H. ¥ a h l ,  J . A m . C h e m . S o c . ,  1964 ,  86» 1710.
6 3 .
2.  S y n t h e s i s  o f  a l k y l c y a n o f l u o r e n e s  and some r e l a t e d  compounds .
2 . 1  P r e p a r a t i o n  o f  a l k y l c y a n o f l u o r e n e s .
Four  a l k y l c y a n o f l u o r e n e s  were p r e p a r e d ,  and t h e  s y n t h e t i c  
r o u t e  u s e d  t o  o b t a i n  them i s  o u t l i n e d  i n  scheme 2 . 1 - 1 .  Th i s  
i s  e s s e n t i a l l y  t h e  same r o u t e  t h a t  Gray e t . a l ^  u s e d  in  
p r e p a r i n g  t h e  a n a l o g o u s  a l k y l c y a n o b i p h e n y l  compounds.
I n i t i a l l y  a p i l o t  e x p e r i m e n t  was c a r r i e d  o u t  w i t h  R = CH^ 
t o  ch ec k  t h e  f e a s i b i l i t y  o f  t h e  f i r s t  t h r e e  s t e p s  o f  scheme
2 . 1 - 1 ;  t h e  low y i e l d s  were s u b s e q u e n t l y  i mproved  f o r  t h e  l a r g e r  
R g r o u p s  as  shown i n  t a b l e  2 . 1 - 1 .  The f i r s t  s t e p  i s  a F r i e d e l -  
C r a f t s  a c y l a t i o n  o f  f l u o r e n e  t o  g i v e  ( l ) .  The 2-  and 7-  
p o s i t i o n s  o f  f l u o r e n e  a r e  known t o  be s t r o n g l y  a c t i v a t e d  t o w a r d s  
e l e c t r o p h i l i c  s u b s t i t u t i o n , ^ ' ^  b u t  d i s u b s t i t u t i o n  i s  n o t  a 
p r o b le m  s i n c e  t h e  a l k a n o y l  s u b s t i t u e n t  i s  s u f f i c i e n t l y  
d e a c t i v a t i n g .  Huang-Minlon  r e d u c t i o n  o f  ( l )  r e - a c t i v a t e s  t h e  
7-  p o s i t i o n  o f  t h e  f l u o r e n e  c o r e  so t h a t  b r o m i n a t i o n  can 
r e a d i l y  be a c h i e v e d  t o  g i v e  ( i l l ) ;  o n l y  90^ o f  t h e  t h e o r e t i c a l  
q u a n t i t y  o f  b romi ne  was u s e d  t o  m i n i m i s e  t h e  chance  o f  a s i d e  
c h a i n  r e a c t i o n .  The m e l t i n g  p o i n t s  and y i e l d s  o f  t h e  compounds 
( l ) - ( l V )  a r e  g i v e n  i n  t a b l e  2 . 1 - 1 .  The c y a n o o c t y f l u o r e n e  
( ( I V ) ,  R = (CH2 )^CH^) has  two m e l t i n g  p o i n t s  and d i s p l a y s  a 
c u r i o u s  d i m or ph i sm .  At room t e m p e r a t u r e  a l l  t h e  c r y s t a l s  
a p p e a r  s i m i l a r ,  b u t  a t  54-55*^0 t h e  h i g h e r  m e l t i n g  p o i n t  
c r y s t a l s ,  wh i ch  a r e  i n  t h e  m i n o r i t y ,  u n d e r g o  a s o l i d  p h a s e  
t r a n s i t i o n  g i v i n g  opaque c r y s t a l s  whi ch  a r e  e a s i l y  d i s t i n g u i s h e d  
f rom t h e  r e s t .
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Scheme 2 . 1 - 1
COR
i n d i g o  I
(II) CHgR
B r in C HC I 3
(m) Br CH g R
CuCN i n N - m e t h y l -  
p y r r o  I i d o n e
( I V)  NC C H 2 R
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T a b le  2 . 1 - 1 Compounds i n  t h e  s y n t h e s i s  o f  a l k y l c y a n o ­
f l u o r e n e s  ( I V ) .
Compound R % Y i e l d M . p t . / ° C




( c n p ^ C H j 42 1 1 7 -1 1 8  1
(CHgj^CH^ 78 1 10-112
( G E ^ ) ^ G l i ^ 62 99-100
( I I ) CHj 70 98-100
(CHgj^CHg 70 61-63
(CH2 )^CH3 64 64-65
(GHgjgCHg 84 58-60
(CHgj^CH^ 60 6 4 -66






(GH2)2CH2 24 66 -67
(CB^i^CH^ 23 50-51
(CH^j^CH^ 21 51-52
(CH2)6GH2 22 5 5 - 5 6 , 5 8 - 5 9
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S c h .6 1 1 1 6  2 . 2 - 1 ,
(n)
CH3COC1/AICI
C H 2 R
i n  C H 2 C I 2
(V) CH3CO C H g R
i n C H C I 3
©I . K O H / H L O / E f O H
C H g R
( V I I )  HO
KgCOg/n-CçJt^Br
n - C ^ H i ^ O
C H g R
i n  c y c l o h e x a n o n e
C H g R  ( V I I I )
6 7 .
2 . 2 .  P r e p a r a t i o n  o f  an a l k o x y a l k y l  f l u o r e n e .
2 - P e n t y l - 7 - p e n t y l o x y f l u o r e n e  was s y n t h e s i s e d  u s i n g  t h e  
r o u t e  g i v e n  i n  scheme 2 . 2 - 1 .
F r i e d e l  C r a f t s  a c é t y l a t i o n  o f  ( I I ) gave  (V) which  was 
s u b j e c t e d  t o  a B a e y e r - V i l l i g e r  o x i d a t i o n ;  s u b s e q u e n t  h y d r o ­
l y s i s  o f  t h e  i n t e r m e d i a t e  ( V I ) y i e l d e d  t h e  a l k y l  h y d r o x f l u o r e n e
( V I I ) .  A l k y l a t i o n  o f  ( V I l )  gave t h e  r e q u i r e d  a l k o x y a l k y l -  
f l u o r e n e  ( ( V I I l ) ,  R = n-C^Hg) .
Analogous  4- -a lkoxy-4- ’ - a l k y l b i p h e n y l s  (Xl )  can be p r e p a r e d  
f rom 4- -alkyl -4.  ’ - b r o m o b i p h e n y l s  (IX) u s i n g  t h e  r o u t e  g i v e n  i n  
scheme 2 . 2 - 2 .
Scheme 2 . 2 - 2 .
Br R ( I X )
KOH in d i g o l
' x >
R X / K g C O g
R t (XI)
6 8 .
The c o n v e r s i o n  o f  (IX) t o  (X) i s  a c h i e v e d  by h y d r o x y l a t i o n  
a s  shown.  However ,  a t t e m p t s  t o  c o n v e r t  t h e  a l k y l b r o m o -  
f l u o r e n e  ( i l l )  t o  t h e  a l k y l h y d r o x y f l u o r e n e  ( V I I ) by t h e  same 
method f a i l e d .  These  a t t e m p t e d  h y d r o x y l a t i o n s  were c a r r i e d  
o u t  a t  a b o u t  200°G i n  d i g o l  w i t h  p o t a s s i u m  h y d r o x i d e ;  a complex 
i n s e p a r a b l e  m i x t u r e  r e s u l t e d  and no s t a r t i n g  m a t e r i a l  was 
r e c o v e r e d .  S i m i l a r l y ,  an a t t e m p t  t o  c o n v e r t  2 - b r o m o f l u o r e n e  
i n t o  2 - h y d r o x y f l u o r e n e ,  which  i s  a known compound,  a l s o  f a i l e d .  
The h y dr o g e n  a toms on t h e  m e t h y l e n e  b r i d g e  o f  t h e  f l u o r e n e  
n u c l e u s  a r e  known t o  be somewhat  a c i d i c ' *  and  t h e  f o r m a t i o n  o f  
a c a r b a n i o n  m i gh t  l e a d  t o  some u n d e s i r a b l e  s i d e  r e a c t i o n s .  The 
f l u o r e n o n e  ( X I l )  was t h e r e f o r e  p r e p a r e d  (scheme 2 . 2 - 3 )  s i n c e  
t h i s  h a s  no a c i d i c  h y dr o g e n  a t o m s ,  b u t  a t t e m p t s  t o  h y d r o x y l a t e  
( X I l )  a l s o  f a i l e d  t o  g i v e  a s e p a r a b l e  p r o d u c t .  Ar om at ic  
h y d r o x y l a t i o n s  o f  t h i s  t y p e  can r e s u l t  i n  a v a r i e t y  o f  s i d e  
r e a c t i o n s ^  b u t  t h e  m e t h y l e n e  and c a r b o n y l  b r i d g e s  o f  f l u o r e n e  
and f l u o r e n o n e  r e s p e c t i v e l y  must  be e s p e c i a l l y  d i s a d v a n t a g e o u s  
t o  h y d r o x y l a t i o n .  I t  i s  known t h a t  t h e  f l u o r e n o n e  c a r b o n y l  
b r i d g e  can be d i s r u p t e d  by f u s i n g  t h e  compound w i t h  p o t a s s i u m  
h y d r o x i d e  t o  g i v e  t h e  p o t a s s i u m  s a l t  o f  2 - b i p h e n y l c a r b o x y l i c  
a c i d . G However ,  h y d r o x y l a t i o n  r e a c t i o n  c o n d i t i o n s  a r e  
c o m p a r a t i v e l y  mi l d  and  i t  i s  u n c e r t a i n  w h e t h e r  t h e  c a r b o n y l  
b r i d g e  i s  d i s r u p t e d  i n  t h i s  way.





in A c  OH
Br (XI I )
6 9 ,
I n  an a t t e m p t  t o  p r o d u c e  f l u o r e n o n e  a n a l o g u e s  o f  ( I V ),  
t h e  compound ( ( i l l ) ,  R = (CH2 )^CH^) was s u b j e c t e d  t o  a d i -  
c h r oma t e  o x i d a t i o n  w i t h  t h e  i n t e n t i o n  o f  s y n t h e s i s i n g  ( X l l l )
0
B r
( X I I I )
In p r a c t i c e ,  h oweve r ,  t h e  d i c h r o m a t e  o x i d a t i o n  o f  ( i l l )  
was n o t  a t  a l l  s p e c i f i c .  In  t h e  f i r s t  a t t e m p t ,  sodium 
d i c h r o m a t e  was u s e d  i n  2>1% aqueous  a c e t i c  a c i d  ( t h e  c o n d i t i o n s  
u s e d  by H u n t r e s s  e t . a l .  i n  o x i d i s i n g  f l u o r e n e  t o  f l u o r e n o n e ^ )  
and a low y i e l d  o f  (XIV) was o b t a i n e d  (ca .1%)  a l o n g  w i t h  
s t a r t i n g  m a t e r i a l .
0
B
( X I V )
A s ec on d  o x i d a t i o n  o f  ( ( i l l ) ,  R = (CH2 )^CH^) u s i n g  g l a c i a l  |j 
a c e t i c  a c i d  a s  t h e  s o l v e n t  w i t h  a l o n g e r  r e a c t i o n  t ime  gave a '|
f o u r  component  m i x t u r e  c o n s i s t i n g  o f  s t a r t i n g  m a t e r i a l  (23^ :!
y i e l d ) ,  (XIV) [1%  y i e l d ) ,  ( X l l l )  (11%)and a n o t h e r  b y - p r o d u c t  |
(8%) p r o b a b l y  c o n s i s t i n g  o f  (XV) which  was n o t  f u l l y  c h a r a c t e r i s e d ^
Br C0(CH2)5CH. (XV)
70.
Hence  t h e r e  a p p e a r s  t o  be l i t t l e  i f  any p r e f e r e n c e  f o r  
t h e  m e t h y l e n e  b r i d g e  o x i d a t i o n  o v e r  t h e  s i d e  c ha i n  r e a c t i o n .  
Th i s  s y n t h e s i s  was t h u s  ab an do n ed  as  i m p r a c t i c a b l e .
2 . 3  D e r i v a t i v e s  o f  5 , 7 - d i h y d r o d i b e n z  [[c,_e] o x e p i n .
A t t e m p t s  were made t o  p r e p a r e  t h e  b r o m o - s u b s t i t u t e d  5 , 7 -  
d i h y d r o d i b e n z  ["_c ,_e] o x e p i n  (XVl) w i t h  t h e  i n t e n t i o n  o f  c o nv e r t in g  
t h i s  t o  a l k y l - c y a n o - d i s u b s t i t u t e d  o x e p i n s  a n a l o g o u s  t o  t h e  
f l u o r e n e  compounds ( I V ).
B r ( X V I
The p a r e n t  o x e p i n  (XIX) was p r e p a r e d  as  shown i n  scheme
2 . 3 - 1  (compare  t h e  r o u t e  u s e d  by Renf rew e t . a l . ® ) .
Scheme 2 . 3 - 1 .
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MeO^ C C02Me
( X V I I )
in Et20 
6 0 - 7 0 % HOCH2 C H 2 OH 
( X V I I I )
7 0 -  8 0  %
( X I X )
T r e a t m e n t  o f  (XIX) w i t h  b romi ne  i n  c h l o r o f o r m  f a i l e d  t o  
g i v e  t h e  d e s i r e d  p r o d u c t  (XVl) .  I n s t e a d ,  a m i x t u r e  o f  (XX) 
and (XXl) was o b t a i n e d  which  would be t h e  e x p e c t e d  p r o d u c t s  
f rom a r e a c t i o n  o f  (XIX) w i t h  h y d r og en  b r o m i d e .





A r om at i c  s u b s t i t u t i o n  w i t h  b r omi ne  would r e s u l t  i n  t h e  
p r o d u c t i o n  o f  h y d r og en  b r o mi d e ,  b u t  no b r o m o - s u b s t i t u t e d  a r o m a t i c  
r i n g  compound was i s o l a t e d .  The u s e  o f  h a l o g e n  c a r r i e r  o r  
s i l v e r  n i t r a t e  i n  n i t r i c  a c i d  ( D e r b y s h i r e  and  W a t e r s ^ )  i n  an 
a t t e m p t  t o  f a v o u r  a r o m a t i c  s u b s t i t u t i o n  o v e r  b r i d g e  a t t a c k  
p r o d u c e d  complex m i x t u r e s  whi ch  c o u l d  n o t  be s e p a r a t e d .  
F r i e d e l - C r a f t s  a c y l a t i o n  o f  (XIX) would p r o b a b l y  r e s u l t  i n  
o p e n i n g  o f  t h e  o x e p i n  r i n g  s i n c e  h y dr o g e n  c h l o r i d e  i s  a b y ­
p r o d u c t .  Hence p r o d u c t i o n  o f  a l k y l c y a n o o x e p i n s  by a r o u t e  
s i m i l a r  t o  scheme 2 . 1 - 1  i s  n o t  f e a s i b l e .  A p o s s i b l e  s o l u t i o n  
c o u l d  be t o  u s e  d i h y d r o p h e n a n t h r e n e  a s  t h e  s t a r t i n g  m a t e r i a l  
s i n c e  t h i s  b e a r s  a g r e a t e r  c h e m i c a l  r e s e m b l a n c e  t o  f l u o r e n e  
and s h o u l d  t h u s  be e a s i e r  t o  a c y l a t e  and b r o m i n a t e .  The t y pe  
o f  s y n t h e s i s  e n v i s a g e d  i s  g i v e n  i n  scheme 2 . 3 - 2 .  I t  h as  a 
l a r g e  number  o f  s t e p s  and none  o f  t h e s e  were  a t t e m p t e d  i n  t h i s  
work .
2 . 1 .  Mesogen i c  b e h a v i o u r  o f  2 - a l k y l - 7 - c y a n o -  and
2 - p e n t y l - 7 - p e n t y l o x y f l u o r e n e s .
2 . 1 . 1  2 - A l k y l - 7 - c y a n o f l u o r e n e s .
The f o u r  a l k y l c y a n o f l u o r e n e s  ( IV) were  examined  u n d e r  a 
p o l a r i s i n g  m i c r o s c o p e  w i t h  h o t  s t a g e  t o  d e t e r m i n e  t h e  e x t e n t  
of  t h e i r  m e s og e n i c  b e h a y i o u r .  None o f  t h e  compounds gave 
e n a n t i o t r o p i c  m e s o p h a s e s ,  and t h e  p e n t y l  and  h e x y l  homologues  
gave no mesop ha ses  on s u p e r c o o l i n g  t h e  i s o t r o p i c  m e l t s  t o  
room t e m p e r a t u r e .  D i f f i c u l t i e s  were a l s o  i n i t i a l l y  e x p e r i e n c e d  
when t r y i n g  t o  s u p e r c o o l  t h e  h e p t y l  compound,  so v i r t u a l  (N>l)  
t r a n s i t i o n  t e m p e r a t u r e s  were d e t e r m i n e d  f o r  t h e s e  t h r e e  
compounds.  Two m i x t u r e s  were  made f o r  e a c h  compound:  one
w i t h  1 - c y a n o - l ' - p e n t y l b i p h e n y l  (K15, s u p p l i e d  by B.D.H.
C h e mi c a l s  L t d . ) and t h e  o t h e r  w i t h  E7 which  i s  i t s e l f  a m i x t u r e  
g i v i n g  a n e m a t i c  p h a s e  a t  room t e m p e r a t u r e .  The c o m p o s i t i o n  
o f  E7 ( a l s o  s u p p l i e d  by B.D.H.  C h em ic a l s  L t d . )  i s  g i v e n  i n  
t a b l e  2 . 1 . 1 - 1  w h i l e  t h e  t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  m i x t u r e s  
a p p e a r  i n  t a b l e  2 . 1 . 1 - 2 .  P l o t s  o f  c o m p o s i t i o n  v.  N->-I t emp­
e r a t u r e  have  been made f o r  each  m i x t u r e  ( f i g s .  2 . 1 . 1 - 1  t o
2 . 1 . 1 - 6 ) ,  t h e  v i r t u a l  (N+l)  t e m p e r a t u r e s  b e i n g  g i v e n  where  t h e  
l i n e s  i n t e r c e p t  t h e  100^ a l k y l c y a n o f l u o r e n e  c o m p o s i t i o n .  Hence 
two v a l u e s  o f  v i r t u a l  (N->l) have  been  o b t a i n e d  f o r  each  o f  t h e
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Scheme 2 . 3 - 2  -  c o n t i n u e d .
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T a b l e  2 . 4 - » l - l  C om p o s i t i o n  o f  E7 (B.D.H.  C he mi c a l s  L t d . ) .





T a b l e  2 . 4 - , 1 -2  T r a n s i t i o n  t e m p e r a t u r e s  o f  a l k y l c y a n o -
f l u o r e n e  ( I V ) m i x t u r e s .
(IV) M i x t u r e  w i t h Mole %(IV) N+I/°C
^8 27
n - P e n t y l Kl 5 32 3 0 . 5
19 33
4 4 . 5
n - P e n t y l E7 32 50
19 5 4 . 5
4 8 . 5 25
n - H e x y l Kl 5 3 2 . 5 29
19 32
45 43
n - H e x y l E7 29 50
16 55
49 3 2 . 5
n - H e p t y l Kl 5 32 3 3 . 5
1 8 . 5 3 4 . 5
46 4 7 . 5
n - H e p t y l E7 32 5 1 . 5
19 5 5 . 5
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t h r e e  compounds,  and  t h e s e  a r e  l i s t e d  i n  t a b l e  2 . 4 . 1 - 3 .  The 
v i r t u a l  (N->l) t e m p e r a t u r e s  i n  t h i s  t a b l e  a r e  r e c o r d e d  t o  t h e  
n e a r e s t  0 . 5°C .  There  i s  a c e r t a i n  d e g r e e  o f  d i s p a r i t y  be tween  
v i r t u a l  (N->l) v a l u e s  o f  a compound d e t e r m i n e d  w i t h  t h e  two 
d i f f e r e n t  m i x t u r e s ,  and t h e  E7 m i x t u r e s  a l l  g i v e  t h e  h i g h e r  
v a l u e  o f  t h e  two.  The d i f f e r e n c e  i s  7°C f o r  b o t h  t h e  p e n t y l  
and h e x y l  homologues  b u t  o n l y  2 . 5°C f o r  t h e  h e p t y l  compound.
The r e l a t i v e l y  h i g h  v i r t u a l  (N->-l) t e m p e r a t u r e s  f o r  t h e  h e p t y l  
compound e n c o u r a g e d  f u r t h e r  a t t e m p t s  a t  s u p e r c o o l i n g  i t s  
i s o t r o p i c  m e l t ,  and f i n a l l y  a m o n o t r o p i c  n e m a t i c  p h as e  was 
o b s e r v e d .  The o c t y l  compound a l s o  g i v e s  a m o n o t r o p i c  n e m a t i c  
p h a s e ,  and t h e s e  (N^l )  t e m p e r a t u r e s  a r e  l i s t e d  i n  t a b l e
2 . 4 . 1 - 4  a l o n g  w i t h  t h e  e n a n t i o t r o p i c  t r a n s i t i o n s  d e t e r m i n e d  
f o r  K15 and E7.
Ta b le  2 . 4 . 1 - 3  V i r t u a l  v a l u e s  f o r  t h e  a l k y l c y a n o -
f l u o r e n e s  ( I V) .
(IV) M i x t u r e  w i t h V i r t u a l  (N+l ) / °G
n - P e n t y l K15 1 7 . 5
E7 2 4 . 5
n - H e x y l K15 14
E7 21
n - H e p t y l El  5 2 8 . 5
E7 31
T a b l e  2 . 4 . 1 - 4  t r a n s i t i o n  t e m p e r a t u r e s .
Compound o r  m i x t u r e N^I t e m p e r a t u r e  / °C
K15 36
E7 61 -62
c y a n o h e p t y l f l u o r e n e  (IV) ( 2 9 . 5 )
c y a n o o c t y l f l u o r e n e  (IV) (33)
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There  i s  t h u s  c l o s e  a g r e e m e n t  b e t ween  t h e  (N-^l) v a l u e  
o b s e r v e d  f o r  t h e  h e p t y l c y a n o f l u o r e n e  ( IV)  and i t s  v i r t u a l  
(N^I)  t e m p e r a t u r e s  w i t h  t h e  f o r m e r  v a l u e  f a l l i n g  i n  be tween  
t h e  l a t t e r  o n e s .  The w e l l  known o d d - e v e n  a l t e r n a t i o n  in
t e m p e r a t u r e s ,  when t h e s e  a r e  p l o t t e d  a g a i n s t  t h e  number  o f  
c a r b on  a toms i n  t h e  a l k y l  c h a i n ,  seems t o  be r e p e a t e d  i n  t h i s  
( a l b e i t  l i m i t e d )  s e r i e s .  The p l o t  i s  g i v e n  i n  f i g .  2 . 4 . 1 - 7  
and i n c l u d e s  Gray *s^ v a l u e  f o r  t h e  b u t y l  homologue .  As expec t s  
t h i s  c u r v e  c o n s t i t u t e s  t h e  r i s i n g  t y p e  w i t h  t h e  v a l u e s  f o r  
(N-^I) i n c r e a s i n g  a s  t h e  s e r i e s  i s  a s c e n d e d  and t h e  e v e n -  
numbered  homologues  g i v i n g  t h e  l o w e r  (N+l)  t e m p e r a t u r e s .  The 
a l k y l c y a n o f l u o r e n e s  ( I V ) t h u s  d i s p l a y  me so ge n ic  b e h a v i o u r  t o  
a l i m i t e d  e x t e n t ,  and t h e i r  p r o p e r t i e s  a r e  compared w i t h  t h o s e  
o f  t h e  a n a l o g o u s  a l k y l c y a n o b i p h e n y l s ^  i n  t a b l e  2 . 4 * 1 - 5 .
From t h e s e  d a t a  i t  can be seen  t h a t  t h e  m e l t i n g  p o i n t s  o f  t h e  
f l u o r e n e  compounds a r e  ca .  20-40°C h i g h e r  t h a n  t h e i r  b i p h e n y l  
c o u n t e r p a r t s  and t h i s  f a c t o r  m i l i t a t e s  s t r o n g l y  a g a i n s t  t h e  
f o r m a t i o n  o f  e n a n t i o t r o p i c  mesophases  i n  t h e  f l u o r e n e  s e r i e s .
The n e m a t i c  p h a s e s  o f  t h e  f l u o r e n e  compounds a r e  l e s s  t h e r m a l l y  
s t a b l e  t h a n  t h o s e  o f  t h e  b i p h e n y l  compounds w i t h  t h e  d i f f e r e n c e  
in  N^I t r a n s i t i o n  t e m p e r a t u r e  be tween  t h e  two s e r i e s  r a n g i n g  
f rom ca .  7°C t o  14°C.  The b r i d g i n g  o f  t h e  b i p h e n y l  s y s t em  
w i t h  a m e t h y l e n e  u n i t  h as  t h e r e f o r e  r e s u l t e d  i n  a m od e r a t e  
d e s t a b i l i s a t i o n  o f  t h e  n e m a t i c  p h a s e  i n  c o n j u n c t i o n  w i t h  a 
marked i n c r e a s e  i n  c r y s t a l  p h a s e  s t a b i l i t y .
T a b l e  2 . 4 . 1 - 5  T r a n s i t i o n  t e m p e r a t u r e s  (°C)  f o r  4 - a l k y l - 4 ' -
c y a n o b i p h e n y l s ^  and 2 - a l k y l - 7 - c y a n o - 
f l u o r e n e s  ( I V ) .
A l k y l c y a n o b i p h e n y l s A l k y l c y a n o f l u o r en es
Al ky l C+N,S S->N N-^I 0^1 (N-î-l)
K-C5H11 2 2 . 5 - 35 66 ( 1 7 . 5 ,  2 i . 5  v i r t u a l )
1 3 . 5 - 27 50 ( l i ,2 1  v i r t u a l )
n - C ^ 2 8 . 5 - 42 51 ( 2 9 . 5 )
^ " ^ 8 % 7 21 3 2 . 5 40 55 , 58 (33)
7 9 .
2 . 4 . 2  F o o t n o t e  : " m o l e c u l a r  w e i g h t ” o f  E7.
In  o r d e r  t o  c a l c u l a t e  t h e  mole % c o m p o s i t i o n  o f  E7 in 
a m i x t u r e ,  i t  was f i r s t  n e c e s s a r y  t o  d e t e r m i n e  an a v e r a g e  
m o l e c u l a r  w e i g h t  f o r  t h e  E7 m i x t u r e  i t s e l f .  T h i s  was done 
by m u l t i p l y i n g  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  i n d i v i d u a l  
component s  o f  E7 ( s e e  t a b l e  2 . 4 * 1 - 1 )  by t h e i r  r e s p e c t i v e  
p e r c e n t a g e s  i n  t h e  c o m p o s i t i o n ,  summing t h e  r e s u l t s  and 
d i v i d i n g  by 10 0 ,  i . e . :
Average  m o l e c u l a r  w e i g h t  o f  E7 =




F i g . 2 . 4 . 1 - 1  V i r t u a l  N-»-I o f  2 - c y a n o - 7 - p e n t y l f l u o r e n e
K15' m i x t u r e .
0 q nm o l % C g  f l u o r e n e
F j ^ ._ 2 . 4 .1 - 2  V i r t u a l  N->I o f  2 - c y a n o - 7 - D e n t y l f l u o r e n e








m o l  %  Cc  f l u o r e n e
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F i g .  2 .  4-» 1 -3  V i r t u a l  iF->I o f  2 - c y a n o - 7 - h e x v l f l u o r e n e
K15 m i x t u r e .
%  f l u o r e n e
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F i g . 2.  /p. 1-4- V i r t u a l  N-»-I o f  2 - c y a n . o - 7 - h e x y l f l u o r e n e
-E?.. m i x t u r e .
mol  % C g  f l u o r e n e
F i g .  2 .  4-» 1 -5  V i r t u a l  N>I o f  2 - c y a n o - 7 - h e p t y l f l u o r e n e
E7 m i x t u r e .
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o l  %  Cy f l u o r e n e
Fi ^ . 2.  4-» 1 - 6  V i r t u a l  N^I o f  2 - c v a n o - 7 - h e p t y l f l u o r e n e




F i g . 2 . 4-« 1 -7  V i r t u a l  and m o n o t r o p i c  t r a n s i t i o n  t e m p e r a t u r e
V .  c h a i n  l e n g t h  p l o t
o f  C a t o m s  in a l k y l  c h a i n  R
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2.  4- • 3 2 - Pen t y l  - 7 -pen  t y l o x y  f l u o r e n e  ( V I I I  ).
2 - P e n t y l - 7 - p e n t y l o x y f l u o r e n e  ( ( V I I l ) ,  R = n-C^H^) has  a 
m e l t i n g  p o i n t  o f  115-116*^0 g i v i n g  an i s o t r o p i c  m e l t  which 
when c o o l e d  c r y s t a l l i s e d  a t  ca .  110^0.  D e s p i t e  a number of  
a t t e m p t s  no f u r t h e r  s u p e r c o o l i n g  c ou ld  be p r o d u c e d ,  so t h e  
v i r t u a l  (N>l)  t e m p e r a t u r e  o f  t h e  compound was d e t e r m i n e d .  
M i x t u r e s  o f  ( V I I I )  w i t h  ZLl 1052 were p r e p a r e d  and t h e i r  
t r a n s i t i o n  t e m p e r a t u r e s  d e t e r m i n e d  ( t a b l e  2.  4-* 3 - 1 ) .  ZLl 1052 
i s  a b i n a r y  e n t e c t i c  m i x t u r e  o f  (XXIl)  and (XXII l )  a v a i l a b l e  
f rom B.D.H.  Ohemi ca l s  L td .  and i t s  t r a n s i t i o n  t e m p e r a t u r e s  
a r e  g i v e n  i n  t a b l e  2 . 4 - 3 - 1 .
( X X I I )
^ ^ 3 °  \ W /  ( X X I I I )
The c o n s t i t u e n t s  o f  ZLl 1052 have a l k y l  and a l k o x y  g r oups  
a s  t h e  t e r m i n a l  s u b s t i t u e n t s  and a r e  t h u s  r e a s o n a b l y  s i m i l a r  
t o  ( V I I I )  s t r u c t u r a l l y .  A p l o t  o f  N>I t e m p e r a t u r e s  a g a i n s t
( V I I I )  c o m p o s i t i o n  i n  t h e  ZLl 1 0 5 2 / ( V I I l )  m i x t u r e s  ( f i g .
2 . 4 . 3 - 1 )  g i v e s  t h e  v i r t u a l  (N-^l) o f  ( V I I l )  a s  39°0 t o  t h e  
n e a r e s t  d e g r e e .  Th i s  i s  much l o w er  t h an  t h e  m e l t i n g  p o i n t  
and no more compounds i n  t h e  2 - a l k y l - 7 - a l k o x y f l u o r e n e  s e r i e s  
were  s y n t h e s i s e d  s i n c e  such a s ys t em i s  u n l i k e l y  t o  y i e l d  
e n a n t i o t r o p i c  m e s o ph a se s .  The b i r e f r i n g e n c e  (An) and 
v i s c o s i t y  (p)  o f  t h e  ZLl 1 0 5 2 / ( V I I l )  m i x t u r e s  were a l s o  
m eas ur ed  and a r e  g i v e n  i n  t a b l e  2 . 4 —3 - 1 .  The b i r e f r i n g e n c e  
o f  ZLl 1052 i s  s c a r c e l y  a l t e r e d  by t h e  a d d i t i o n  of  ( V I I l ) ,  
b u t  i t s  v i s c o s i t y  i s  i n c r e a s e d .  A p l o t  o f  log^Qh a g a i n s t  
t h e  w e i g h t  % com p osi t ion  o f  ( V I I l )  i n  t h e  m i x t u r e  i s  n e a r l y
l i n e a r  ( f i g .  2 . 4 . 3 - 2 ) .  When t h e  g ra ph  i s  e x t r a p o l a t e d  t o  
100% ( V I I l )  a v a l u e  o f  e x t r a p o l a t e d  v i s c o s i t y  f o r  ( V I I l )  i s  
o b t a i n e d .  Al t ho ug h  t h e r e  i s  l i t t l e  t h e o r e t i c a l  b a s i s  f o r  
s uch  an e x t r a p o l a t i o n ,  t h e  e x t r a p o l a t e d  v i s c o s i t y  o f  a compound 
i s  a u s e f u l  i n d i c a t i o n  o f  how t h e  a d d i t i o n  o f  t h e  compound 
w i l l  a f f e c t  t h e  v i s c o s i t y  o f  a m i x t u r e .  The l i n e  i n  t h e  
g r a p h  ( f i g .  2 . 4 * 3 - 2 )  i s  a l e a s t  s q u a r e s  f i t  e v a l u a t e d  f rom 
t h e  s t a t i s t i c s  mode o f  a c a l c u l a t o r  and t h e  v a l u e s  f o r  t h e  
c o r r e l a t i o n  f a c t o r  ( r )  a l o n g  w i t h  t h e  e x t r a p o l a t e d  v i s c o s i t y  
a r e  g i v e n  a t  t h e  f o o t  of  t a b l e  2 . 4 . 3 - 1 .  A v a l u e  o f  r = l  
c o r r e s p o n d s  t o  a p e r f e c t  l i n e a r  c o r r e l a t i o n  be tween  w e i g h t  
% c o m p o s i t i o n  o f  ( V I I l )  and v i s c o s i t y .
T ab le  2 . 4 . 3 - 1 Measurement s  on m i x t u r e s  o f  ( V I I l )  
w i t h  ZLl 1052.
Weight  %(VI I I ) N+I/°C p / c S t An
0 4 7 . 7 - 4 7 . 8 5 6 . 9 0 . 14 45
2 . 5 4 7 . 5 - 4 7 . 6 5 7 . 6 0 . 1441
5 4 7 . 3 - 4 7 . 4 59 . 2 0 . 1 4 4 4
10 4 6 . 8 - 4 7 . 0 5 9 . 5 0 . 14 48
E x t r a p o l a t e d  p f o r  ( V I I l )  = 9 0 . 6  c S t  
C o r r e l a t i o n  f a c t o r  r  = 0 . 9 1 9
8 9 ,
F i g .  2.  3 -1  2 - P e n t y l - 7 - p e n t y l o x y f l u o r e n e  in  ZLl 1052 :
N->I y s .  c o m p o s i t i o n  by w t .
9 0 . _
Fig .  2.4-.  3 - 2  2 - F e n t y l - 7 - p e n t v l o x y f l u o r e n e  i n  ZLl 1052 ;  l o g^ q y i s c o s i t y
y s .  c o m p o s i t i o n  by wt .  a t  20°C.  L e a s t  s q u a r e s  f i t .
I
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2.4-»4- E x p e r i m e n t a l  d e t a i l s  o f  meas urement s  on 2 - p e n t y l - 
7 - p e n t y l o x y f l u o r e n e  ( V I I l ) .
The N^I t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  m i x t u r e s  
( ( V I I l ) / Z L l  1 0 5 2 ) were  d e t e r m i n e d  on a V i c k e r s  p o l a r i s i n g  
m i c r o s c o p e  (M72C) w i t h  a M e t t l e r  FP52 h o t  s t a g e  and M e t t l e r  
FP5 t e m p e r a t u r e  c o n t r o l l e r .  Th i s  s y s t e m e n a b l e d  t e m p e r a ­
t u r e  t e a d i n g s  t o  be made t o  an a c c u r a c y  o f  0 . 1 °C .  The 
b i r e f r i n g e n c e  meas uremen ts  were made w i t h  an Abbe r e f r a c t o -  
m e t e r  i l l u m i n a t e d  w i t h  sodium D l i g h t .  The e y e p i e c e  o f  t h e  
r e f r a c t o m e t e r  was f i t t e d  w i t h  a p o l a r i s e r  and t h e  p r i s m  s u r f ­
a c e s  were  s t r o k e d  w i t h  a t i s s u e  s oa ke d  i n  a s o l u t i o n  o f  
c e t y l t r i m e t h y l a m m o n i u m  bromide  (0.1% w/v i n  p r o p a n - 2 - o l )  
i n  o r d e r  t o  a l i g n  t h e  d i r e c t o r  o f  t h e  l i q u i d  c r y s t a l  p a r a ­
l l e l  t o  t h e  p r i s m  s u r f a c e s .  The two r e f r a c t i y e  i n d i c e s  
(n^ and n ^ )  were  t h e n  o b t a i n e d  w i t h  t h e  p o l a r i s e r  p a r a l l e l  
and p e r p e n d i c u l a r  t o  t h e  d i r e c t o r ,  g i y i n g  An f rom An = n ^ - n ^ .  
The t e m p e r a t u r e  o f  t h e  r e f r a c t o m e t e r  was m a i n t a i n e d  a t  20°G 
t h r o u g h o u t  t h e  m e a s u r e m e n t s .  The o b s e r y e d  f i e l d  d i y i s i o n  
was n o t  p e r f e c t l y  s h a r p  and each  measurement  was t h e r e f o r e  
r e p e a t e d  s e y e r a l  t i m e s ,  t h e  q u o t e d  r e s u l t s  b e i n g  g i y e n  to  
t h e  a c c u r a c y  o f  t h e  a y e r a g e  y a l u e .  The y i s c o s i t y  m e a s u r e ­
ments  were made w i t h  a c a l i b r a t e d  Os twald  y i s c o m e t e r ,  t he  
t e m p e r a t u r e  o f  which was m a i n t a i n e d  a t  20°C i n  a g l y c e r o l /  
w a t e r  m i x t u r e .  Three  r u n s  o f  ca . 250- 350  s e c on ds  were  
made w i t h  a l l  t h e  r e a d i n g s  f a l l i n g  w i t h i n  a one s e c o n d  r a n g e ,  
t h e  f i n a l  r e s u l t  q u o t e d  b e i n g  t h e  a y e r a g e  of  a l l  t h r e e .
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3.  S y n t h e s i s  and p r o p e r t i e s  o f  compounds c o n t a i n i n g  a 
f l u o r e n e  c o r e  a t t a c h e d  t o  a p h e n y l  r i n g  ; n o n - e s t e r  
l i n k a g e s .
The 2 - a l k y l - 7 - c y a n o f l u o r e n e s  g i y e  o n l y  m o n o t r o p i c  
n e m a t i c  p h a s e s  and t h e r e f o r e  a g r e a t e r  g e o m e t r i c  a n i s o t r o p y  
o f  t h e  m o l e c u l e s  was r e q u i r e d  i n  o r d e r  t o  o b t a i n  e n a n t i o -  
t r o p i c  m e s o ph a se s .  Th i s  was a c h i e y e d  by i n c o r p o r a t i n g  a
p h e n y l  r i n g  i n t o  t h e  s t r u c t u r e  and t h e r e b y  e x t e n d i n g  t h e  
c o r e s  o f  t h e  m o l e c u l e s .  Scheme 3-1 shows t h e  r o u t e  t o  a 
compound (IV) where  t h e  p h e n y l  r i n g  i s  l i n k e d  to  t h e  f l u o ­
r e n e  c o r e  by a s i n g l e  m e t h y l e n e  u n i t .
The m e l t i n g  p o i n t s  and y i e l d s  o f  compounds ( l )  t o  (IV) 
a r e  g i y e n  i n  t a b l e  3 - 1 .  The low y i e l d  (18%) o f  t h e  s econ d  
run  t o  p r e p a r e  ( I ) was t h e  c on s eq u en ce  o f  s c a l i n g  up t h e  
r e a c t i o n  which  r e s u l t e d  i n  p u r i f i c a t i o n  d i f f i c u l t i e s .  The 
y i e l d  o f  ( l l )  was a l s o  low,  p r e s u m a b l y  b e c a u s e  t h e  u s e  of  
p o t a s s i u m  h y d r o x i d e  i n  d i g o l  a t  an e l e y a t e d  t e m p e r a t u r e  
r e s u l t e d  i n  some h y d r o x y l a t i o n  o f  t h e  / - b r o m o p h e n y l  m o i e t y .  
The p u r i f i c a t i o n  o f  ( i l l )  was a l s o  d i f f i c u l t ,  b u t  i t s  
c o n y e r s i o n  t o  ( I V ) by c y a n a t i o n  was s t r a i g h t f o r w a r d .
The u s e  o f  a m e t h y l e n e  u n i t  as  t h e  l i n k i n g  group  
be t ween  t h e  f l u o r e n e  and p h e n y l  m o i e t i e s  g i v e s  t h e  m o l e c u l e  
a b e n t  s hape  (V) w i t h  t h e  1 , / - b o n d s  o f  t h e  p h e n y l  group  
c o n s i d e r a b l y  o u t  o f  t h e . l i n e  o f  t h e  f l u o r e n e  l o n g  a x i s .
T h i s  i s  u n f a v o u r a b l e  t o  t h e  f o r m a t i o n  o f  s t a b l e  mesop ha ses  
and t h e  compound ( I V) i s  n o t  a mesogen.  I t  m e l t s  a t  
128-129°C t o  g i v e  t h e  i s o t r o p i c  m e l t  which  was s u p e r c o o l e d  
t o  52°C (when c r y s t a l l i s a t i o n  t o o k  p l a c e )  w i t h o u t  t h e  f o r m ­
a t i o n  o f  a mesophase .  I t  was t h e r e f o r e  n e c e s s a r y  t o  
i n s e r t  a second c ar bon  atom i n t o  t h e  l i n k i n g  g r ou p  and 
t h u s  s t r a i g h t e n  t h e  m o l e c u l e  o v e r a l l  ( e . g .  ( V l ) ) .
Scheme 3~1
9 ^
B r - ( (  ) ) - C O C l / A l C l
CO
N
n -  C^HçCO
n - C , H o C O C l  / Al C
B r  ( I I )
CH B r  ( I I I )
C u C N  i n  N - m e t h y l -  
p y r r o l i d o n e
C H 2 - ( (  ) ) - C N  ( I V )
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Ta b l e  3-1 Y i e l d s  and m e l t i n g  p o i n t s  o f  compounds ( I )  t o  ( IV)
Compound Y i e l d  % M e l t i n g  p o i n t / ° C
( I ) 57 ,1 8 1 94- 196
( I I ) 7 , 1 5 129- 152
( I I I ) 12 131- 133













The r o u t e  u s e d  t o  o b t a i n  compounds o f  g e n e r a l  s t r u c t u r e  
(Vl)  i s  g i v e n  i n  scheme 3 - 2 ,  w h i l e  t h e  y i e l d s  and t r a n s i t i o n  
t e m p e r a t u r e s  o f  compounds ( V I l )  t o  (Xl)  a r e  l i s t e d  i n  t a b l e
3 - 2 .  In o r d e r  t o  a v o i d  any r e a c t i o n  a t  t h e  b r omine  a tom,  
t h e  r e d u c t i o n  o f  t h e  l i n k i n g  c a r b o n y l  g roup  o f  ( V I I ) t o  
t h e  m e t h y l e n e  g roup  o f  ( V I I l )  was a c h i e v e d  w i t h  a mixed 
l i t h i u m  a l umin i um h y d r i d e / a lumi nium c h l o r i d e  r e a g e n t , ^  Thi s  
c o n v e r s i o n  was much more e f f i c i e n t  t h a n  t h e  a n a l o g o u s  r e d u c t i o n  
o f  ( l )  t o  ( l l )  u n d e r  Huang-Minion c o n d i t i o n s .  However ,  an 
a t t empt  t o  r e d u c e  t h e  a c y l  c a r b o n y l  g r ou p  o f  (IX) u n d e r  t h e  
same c o n d i t i o n s ^  y i e l d e d  unchanged  s t a r t i n g  m a t e r i a l  a l o n g  
w i t h  a v e r y  s m a l l  amount  o f  impure  (X).  I t  was n e c e s s a r y  
t o  i n c r e a s e  t h e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x t u r e  by 
a d d i n g  d i - n - b u t y l  e t h e r  b e f o r e  t h e  r e d u c e d  compound (X) 
c o u l d  be o b t a i n e d ,  a l b e i t  i n  low y i e l d .  The d i f f e r e n c e  in  
r e a c t i v i t y  o f  t h e  4 - b r o m o p h e n y l a c e t y l  d e r i v a t i v e  ( V I l )  and 
t h e  a l k a n o y l  compound (IX) t o  t h e  same r e d u c t i o n  c o n d i t i o n s  
i s  s u r p r i s i n g  a l t h o u g h  i t  i s  known, f o r  example ,  t h a t  
ben zo pheno ne  i s  r e d u c e d  by t h i s  method f a r  more r e a d i l y  
t h a n  a c e t o p h e n o n e . ^
An a t t e m p t  was made t o  p r e p a r e  a l a r g e r  amount  o f  t h e  
a l k y l  ( 4 - b r o m o p h e n y l e t h y l ) f l u o r e n e  d e r i v a t i v e  (X) by a 
d i f f e r e n t  r o u t e  (scheme 3 - 3 ) .  The F r i e d e l - G r a f t s  
a c y l a t i o n  o f  2 - p e n t y l f l u o r e n e  gave ( X I l )  which has  a 
-COCH^- l i n k  be tween  t h e  f l u o r e n e  c o r e  and t h e  p h e n y l  
g r o u p .  I t  t h u s  r e s e m b l e s  t h e  n o n - a l k y l a t e d  a n a l o g u e  ( V I l )  
i n  t h i s  s e n s e  and was e x p e c t e d  t o  und er go  r e d u c t i o n  i n  a 
s i m i l a r  manner .  However,  t h e  r e a c t i o n  c o n d i t i o n s  u s e d  
t o  r e d u c e  ( V I l )  had a l m o s t  no e f f e c t  on ( X I l )  which  r e m a i n e d  
un ch an ge d  a t  t h e  end o f  t h e  e x p e r i m e n t .  The a d d i t i o n  o f  
d i - n - b u t y l  e t h e r  t o  t h e  c h l o r o f o r m / e t h e r  s o l v e n t  m i x t u r e  
t o  i n c r e a s e  t h e  r e a c t i o n  t e m p e r a t u r e  e n a b l e d  some r e a c t i o n  
t o  t a k e  p l a c e ,  b u t  o n l y  a s m a l l  amount  o f  impure  m a t e r i a l  
was o b t a i n e d  which c o n t a i n e d  unch anged  ( X I l ) .  The l i t h i u m  
a l umi n i um h y d r i d e / a l u m i n i u m  c h l o r i d e  r e d u c t i o n  t h e r e f o r e  
a p p e a r s  t o  be q u i t e  s e n s i t i v e  t o  s m a l l  c han ges  i n  s t r u c t u r e . ^
Scheme 3 -2
9 7
Br n ( ^ >- CH2 C0 Cl / Al Cl 3  
in C H 2 C12
C 0 C H 2 - / Q > - B r  (V I I )
L I A I H ^  /  A I C I 3 
i n  E t 2 0  / C H C I 3
Br ( V I I I )
n - C / ^ H ç C O C ( / A i e  ( 3  
i n  C H 2 C 12
n- C^ Hg CO Br ( I X )
L i A l H ^ / A l C l 3  in CHC1 3  / 
Et2Û / ( n - C^ Hg ) 2 0
CH2 CH2 —^ —Br ( X )
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Scheme 3 -2  - c o n t i n u e d
n-C^HgCO
n- C^ HgCO
CuCN in N- met hy l -  
py r ro l i done
9 9 .
T a b le  3 - 2  Y i e l d s  and t r a n s i t i o n  t e m p e r a t u r e s  o f  
compounds ( V I l )  t o  ( X I l ) .
Compound Y i e l d  % C+I,N/°C N+I/°C
( V I I ) 47 1 99-202
( V I I I ) 58 174-175 -
( IX) 59 131-132 1 4 3 -1 4 4
(X) 14 100-101 1 19 -12 0
(XI) 37 161-162 (1 60 - 1 6 1 )
( X I I ) 64 174-175  . -
Scheme 3 - 3 .
n
Br-^)-CH2C0Cl/AlCl  
i n  C H g C l g
n — Cg H.| 1 COCH B r  ( X I I )
L I Al H ^ / Al C l 3
( X)
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As e x p e c t e d ,  t h e  i n s e r t i o n  o f  a s eco nd  c a r b on  atom 
be t ween  t h e  f l u o r e n e  and p h en y l  g r o u p s  has  p r o d u c e d  compounds 
d i s p l a y i n g  mesoge nic  p r o p e r t i e s .  The a l k a n o y l  ( 4 -bromo-  
p h e n y l e t h y l )  f l u o r e n e  d e r i v a t i v e  (IX) and i t s  r e d u c e d  
a n a l o g u e  (X) a r e  b o t h  e n a n t i o t r o p i c  mesogens w h i l e  t h e  
a l k a n o y l  ( 4 - c y a n o p h e n y l e t h y l )  f l u o r e n e  compound ( X I ) g i v e s  
a m o n o t r o p i c  mesophase  ( t a b l e  3 - 2 ) .  However,  t h e  a l k y l  
( 4 - b r o m o p h e n y l a c e t y l ) s u b s t i t u t e d  f l u o r e n e  ( X I l )  g i v e s  no 
mesophase  even when i t s  i s o t r o p i c  m e l t  i s  s u p e r c o o l e d  t o  
85°C whereupon c r y s t a l l i s a t i o n  t a k e s  p l a c e .  The r e d u c t i o n  
o f  t h e  c a r b o n y l  i n  ( IX) t o  a m e t h y l e n e  u n i t  i n  (x) r e s u l t s  
in  a l o w e r  N^I t r a n s i t i o n  t e m p e r a t u r e .  Thi s  may be a 
c o n s e q u e n c e  o f  t h e  a l k y l  c h a i n  b e i n g  more o u t  o f  l i n e  w i t h  
t h e  f l u o r e n e  l o n g  a x i s  when bonded t h r o u g h  t h e  t e t r a h e d r a l  
c a r b on  a tom.  The r e p l a c e m e n t  o f  bromine  i n  ( IX) w i t h  
c y a n i d e  t o  g i v e  (Xl )  r e s u l t s  i n  t h e  e x p e c t e d  i n c r e a s e  i n  
n e m a t i c  t h e r m a l  s t a b i l i t y  b u t  a l s o  c a u s e s  a l a r g e r  i n c r e a s e  
i n  c r y s t a l  p h as e  s t a b i l i t y  so t h a t  t h e  mesophase  o f  ( X I ) i s  
j u s t  m o n o t r o p i c .  The d i f f e r e n c e  i n  p r o p e r t i e s  be tween  t h e  
4 - b ro mo ph en y l  e t h y l  compound ( IX) and t h e  4 - b r o m o p h e n y l a c e t y l  
compound ( X I l )  i s  r e m a r k a b l e  w i t h  ( IX) g i v i n g  an e n a n t i o t r o p i c  
n e m a t i c  p h as e  (N-^I 14 3- 144°C)  w h i l e  ( X I l )  g i v e s  no mesophase  
down t o  85°C.  The 4 - b ro mopheny l  g r oup  i s  w e l l  i n  l i n e  w i t h  
t h e  f l u o r e n e  n u c l e u s  w h e t h e r  l i n k e d  by -COCH^- o r  -CH^CH^- 
m o i e t i e s .  S i m i l a r l y ,  t h e  d i f f e r e n c e  i n  t h e  bend o f  t h e  
a l k y l  c h a i n  w i t h  r e s p e c t  t o  t h e  r e s t  o f  t h e  m o l e c u l e ,  w h e t h e r  
l i n k e d  by -CO- o r  -CHp- g r o u p s ,  seems s c a r c e l y  enough to  
a c c o u n t  f o r  t h e  c o n s i d e r a b l e  d i f f e r e n c e  i n  mesogen ic  p r o p ­
e r t i e s .
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E i g h t  4 - s u b s t i t u t e d  b e n z o i c  and c y c l o h e x a n e  c a r b o x y l i c  
a c i d s  were  o b t a i n e d  f rom B.D.H.  C h em i c a l s  L td .  and c o n v e r t e d  
i n t o  t h e i r  a c i d  c h l o r i d e s  ( l )  which  a r e  known compounds.  
S u b s e q u e n t  r e a c t i o n  o f  t h e s e  compounds ( l )  w i t h  2 - h y d r o x y -  
7 - p e n t y l f l u o r e n e  ( l l )  ( f o r  p r e p a r a t i o n  o f  t h e  l a t t e r  see  
s e c t i o n  2 . 2 )  gave t h e  r e q u i r e d  e s t e r s  ( I I I ) :
OH ( I I )
RCOCl  ( I )
C 5  " 1 1 0  COR ( I I I )
T a b l e  4 . 1 - 1  (page 108) l i s t s  t h e  R g ro up s  f o r  ( i l l )  (which 
c o n s i s t  o f  4 - s u b s t i t u t e d  p h e n y l  and 4 - s u b s t i t u t e d  c y c l o ­
hex an e  m o i e t i e s )  a l o n g  w i t h  t h e  y i e l d s  and t r a n s i t i o n  
t e m p e r a t u r e s  o f  t h e s e  e s t e r s .
E s t e r s  o f  g e n e r a l  s t r u c t u r e  (IV) were  a l s o  s o u g h t  
which  r e q u i r e d  t h e  s y n t h e s i s  o f  7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  
a c i d  (V).
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n -  CgH^j i C O O R ( I V )
n - C g H ^ i COgH ( V)
An a t t e m p t  was made t o  p r e p a r e  t h e  a c i d  (V) f rom 
2 - p e n t y l f l u o r e n e  by a F r i e d e l - C r a f t s  a c y l a t i o n  w i t h  o x a l y l  
c h l o r i d e .  Thi s  was t h e  method u s e d  by J o n e s  e t  a l /  i n  
p r e p a r i n g  t h e  a c i d  ( V I I )  f rom (VI)  i n  51? y i e l d :
C H g C O ( V I )
1. (COCD2/AICI3
2 .  H / H 2 O
CH3 CO COo H ( V I I )
1 0 3 .
However ,  t r e a t m e n t  of  2 - p e n t y l f l u o r e n e  w i t h  o x a l y l  
c h l o r i d e  u n d e r  s i m i l a r  c o n d i t i o n s  gave an i n s e p a r a b l e  m i x t u r e  
o f  p r o d u c t s .  P o s s i b l y  t h e  p r e s e n c e  of  a d e a c t i v a t i n g  a c e t y l  
g r ou p  i n  (V I ) r e d u c e s  t h e  chance  o f  u n f a v o u r a b l e  s i d e  
r e a c t i o n s  t a k i n g  p l a c e  d u r i n g  t h e  c o n v e r s i o n  o f  (V I ) i n t o  
( V I I ) .  An a t t e m p t  was a l s o  made to  p r e p a r e  t h e  a c i d  
c h l o r i d e  o f  (V) by t r e a t i n g  2 - p e n t y l f l u o r e n e  w i t h  o x a l y l  
c h l o r i d e  u n d e r  t h e  c o n d i t i o n s  u s e d  by N e u b e r t  and F i s h e r ^  
who s y n t h e s i s e d  4 - a I k y b e n z o y l  c h l o r i d e s  f rom 4 - a l k y l b e n z e n e s . 
The o n l y  p r o d u c t  t h a t  c o u l d  be s e p a r a t e d  was a t r a c e  ( c a .  
h.% y i e l d )  o f  ( V I I l )  which  h a s  p r e s u m a b l y  r e s u l t e d  f rom 
a c y l a t i o n  of  2 - p e n t y l f l u o r e n e  by 7 - p e n t y l f l u o r e n e - 2 -  
c a r b o x y l i c  a c i d  c h l o r i d e  (IX) formed  i n  t h e  r e a c t i o n  m i x t u r e .
CO n-CgHi^,
( V I I I )
n -  C g Hi i COCl
( I X )
The k e t o n e  ( V I I I ) c a n n o t  be c o n s i d e r e d  t o  be t h e  main 
p r o d u c t  o f  t h e  r e a c t i o n  and was i s o l a t e d  by v i r t u e  o f  i t s  
low r e t e n t i o n  on a c h r o m a t o g ra p h y  column.
An a t t e m p t  was t h e n  made t o  o b t a i n  t h e  r e q u i r e d  a c i d  
(V) f rom 2 - a c e t y l - 7 - p e n t y l f l u o r e n e  by o x i d a t i o n  o f  t h e  a c e t y l  
g ro up  w i t h  sodium h y p o c h l o r i t e  s o l u t i o n .  A y e l l o w  s o l i d  was
1 0 4 .
o b t a i n e d  which gave a n e m a t i c  p h a s e ,  b u t  t h e  t r a n s i t i o n s  
were  o v e r  a v e r y  b r o a d  r a ng e  and t h e  s u b s t a n c e  ( c o n s i s t i n g  
o f  f o u r  components  i n c l u d i n g  s t a r t i n g  m a t e r i a l )  c o u l d  n o t  
be p u r i f i e d  f u r t h e r .  Al though  t h e  components  o f  t h e  
r e a c t i o n  p r o d u c t  were  n o t  s e p a r a t e d ,  s p e c t r a l  e v i d e n c e  
( i n f r a - r e d  and p r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e )  was 
o b t a i n e d  w h i ch  s u g g e s t e d  t h a t  t h e  m e t h y l e n e  b r i d g e  o f  t h e  
f l u o r e n e  c o r e  had  been o x i d i s e d  g i v i n g  t h e  a n a l o g o u s  
f l u o r e n o n e  compound.  The i n f r a - r e d  s p e c t r u m  a l s o  c o n f i r m e d  
t h e  p r e s e n c e  o f  a c a r b o x y l i c  a c i d  g r oup  which had  e a r l i e r  
been i n f e r r e d  f rom t h e  mesogen ic  b e h a v i o u r  o f  t h e  m a t e r i a l ;  
a hydrogen-bonded d i m e r i c  s t r u c t u r e  o f  t h e  t y p e  (X) h a s  an 
o v e r a l l  e l o n g a t e d  shape  s u i t e d  t o  mesophase  f o r m a t i o n .
( X)
The i n t e g r a t i o n  of  t h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  
s p e c t r u m  s u g g e s t e d  t h a t  t h e  m e t hy l en e  g r oup  o f  t h e  a l k y l  
c h a i n  bonded d i r e c t l y  t o  t h e  f l u o r e n e  co r e  had n o t  been 
o x i d i s e d .  I f  t h i s  i s  t h e  c a s e ,  and t h e  s i d e  c h a i n  has  
been  u n a f f e c t e d  by t h e  r e a c t i o n  c o n d i t i o n s ,  t h e n  i t  i s  
r e a s o n a b l e  t o  assume t h a t  t h e  f o u r  components  o f  t h e  m i x t u r e  
o b t a i n e d  a r e  t h e  s t a r t i n g  m a t e r i a l  and compounds ( X I ) t o  
( X I I l ) .  F u r t h e r  e v i d e n c e  f o r  o x i d a t i o n  o f  t h e  m e t h y l e n e  
b r i d g e  u n d e r  t h e s e  c o n d i t i o n s  i s  t h e  r e p o r t  t h a t  2 , 7 -  
d i a c e t y l f l u o r e n e  can be c o n v e r t e d  i n t o  f l u o r e n o n e - 2 , 7 -  
d i c a r b o x y l i c  a c i d  u s i n g  sodium h y p o c h l o r i t e  a s  t h e  o x i d i s i n g  
a g e n t .   ^ However,  c a r e f u l l y  c o n t r o l l e d  o x i d a t i o n s  of  
2 - a c e t y l - 7 - a l k o x y f l u o r e n e s  t o  t h e  7 - a l k o x y f l u o r e n e - 2 - 
c a r b o x y l i c  a c i d s  w i t h  sodium h y p o b r o m i t e  have  been r epor t ed*^  
g i v i n g  h i g h  y i e l d s  o f  p r o d u c t  w i t h  t h e  m e t h y l e n e  b r i d g e  i n t a c t  
Smal l  ch anges  i n  t h e  r e a c t i o n  c o n d i t i o n s  were  n e v e r t h e l e s s  
r e p o r t e d  t o  p r od uce  methylene b r i d g e  o x i d a t i o n  o r  in c o m p le te
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r e a c t i o n .  The p r o b le ms  of  t h i s  t y p e  o f  o x i d a t i o n  ( i . e .  
n o n - s p e c i f i c i t y  u n d e r  some c o n d i t i o n s )  a r e  t h e r e f o r e  s i m i l a r  
t o  t h o s e  po s ed  by t h e  sodium d i c h r o r a a t e  o x i d a t i o n  o f  2-bromO' 
7 - h e p t y f l u o r e n e  ( s e e  s e c t i o n  2 . 2 )  which  y i e l d e d  u nch an ge d  
s t a r t i n g  m a t e r i a l  and p r o d u c t s  r e s u l t i n g  f rom a s i d e - c h a i n  
r e a c t i o n  in  a d d i t i o n  t o  t h e  e x p e c t e d  p r o d u c t  f rom r e a c t i o n  
a t  t h e  f l u o r e n e  m e t h y l e n e  b r i d g e .
n- COgH ( XI )
n - O O ( X I I )
n -  Cg
0
COCH ( X I I I )
A n ot h er  a p p r o a c h  t o  t h e  p r e p a r a t i o n  o f  t h e  a c i d  (V) 
was i n v e s t i g a t e d  where  2 - c y a n o - 7 - p e n t y l f l u o r e n e  (XIV) was 
t r e a t e d  w i t h  s u l p h u r i c  a c i d  i n  o r d e r  t o  h y d r o l y s e  t h e  cyano 
g r o u p .  Th i s  h y d r o l y s i s  d i d  n o t  p r o c e e d  t o  c o m p l e t i o n  and 
t h e  a c i d  amide (XV) was o b t a i n e d  (scheme X . l - l ) .  The a c i d  
(V) was f i n a l l y  o b t a i n e d  by h y d r o l y s i n g  (XV) w i t h  sodium 
h y d r o x i d e  in  aqueous  q t ^ a n p l ,  g i v i n g  an o v e r a l l  y i e l d  of  





n -  C r H,|i
( X I V )
C O N H 2  ( X V )
N a O H  i n E t O H  / H g 0
C O 2 H ( V )
Scheme A.1 - 2 .
n-  Cr H^ i C O C H 3 ( X V I )
1 2 i n p y r i d i n e
C O C H 2 - N
1 0 %  KOH ( a q )
n—Cg H^i
( X V I I )
C O 2 H ( V )
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The most  c o n v e n i e n t  r o u t e  t o  (V) was u l t i m a t e l y  
fou n d  t o  be t h e  pa thway g iven  i n  scheme 1 . 1 - 2 .  I t  was 
u n n e c e s s a r y  t o  s e p a r a t e  t h e  i n t e r m e d i a t e  (XVIl )  f rom t h e  
r e a c t i o n  m i x t u r e ,  so t h e  t r a n s f o r m a t i o n  f rom (XVl) t o  (V) 
was c o mp l e t ed  in  one e x p e r i m e n t .  The c o n d i t i o n s  u s e d  
a r e  s i m i l a r  t o  t h o s e  u s e d  by l i d a ^  in  c o n v e r t i n g  2-  
a c e t a m i d o - 7 - a c e t y l - 9 , 1 0 - d i h y d r o p h e n a n t h r e n e  i n t o  2-  
a c e t a m i d o - 7 - ( 9»1 0 - d i h y d r o ) p h e n a n t h r o i c  a c i d ,  and t h e  b e s t  
y i e l d  o b t a i n e d  was 18#.
A s u f f i c i e n t  q u a n t i t y  o f  (V) was t h u s  o b t a i n e d  to  
c o n v e r t  i n t o  t h e  a c i d  c h l o r i d e  (XVII l )  f rom which two 
e s t e r s  ( I V ) were p r e p a r e d  (scheme 1 . 1 - 3 ) .  Table  1 . 1 - 2  
g i v e s  t h e  y i e l d s  and t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  a c i d  
(V) and i t s  e s t e r s  ( IV) .
Scheme 1 . 1 - 3 .
CO2 H ( V)
S O Q
n -  CrH5^11 COCl ( X V I I I )
Ar OH i n p y r i d i n e
n -  C g H i i COO R ( I V )
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T a b le  1 . 1 - 1 . E s t e r s  ( i l l )  o f  2 - h y d r o x y - 7 - p 0 n t v l f l u o r e n e : 
y i e l d s  and t r a n s i t i o n  t e m p e r a t u r e s  ( ° C ) .
n - C ç H i i OCOR ( I I I )
( l l l ) , R = Y i e l d  % C+N,S S+N N->I





51 97-98 - 162-163
31 139-140 - 196 -19 7
-<0 >- 30 120-121 - 18 6- 187
52 115-116 - 18 3- 184
29 107-108 146-147 171-172
nGjHll 37 87-88 I 66 - I 67 17 9- 180
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T a b le  4 . 1 —2 7 - F e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  (V) and 
i t s  e s t e r s  (IV) : y i e l d s  and t r a n s i t i o n  
t e m p e r a t u r e s  ( °C) .
Compound Y i e l d  % C+N,8 S->N N^I
(V) 3 3 , 4 8 203-204 - 2 54- 255
( IV) ,R= 
GN 31 141-142 - 214 -21 5
( IV) ,R=
n-C^H^l 52 113-114 175 - 17 6 1 7 8 - 17 9
4 . 2  Mesogenic  p r o p e r t i e s :  r e s u l t s  and d i s c u s s i o n .
7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  (V) i s  a nematogen 
w i t h  a f a i r l y  wide mesophase  t e m p e r a t u r e  r a n g e  ( c a .  50°C) 
h a v i n g  t h e  r e l a t i v e l y  h i g h  t r a n s i t i o n  t e m p e r a t u r e s  g i v e n  
in  t a b l e  4 . 1 - 2 .  I t s  e x t e n d e d  e l o n g a t e d  shape  as  t h e  d imer  
(X) a c c o u n t s  f o r  t h e  en hanced  n e m a t i c  t h e r m a l  s t a b i l i t y  o f  
t h e  compound,  b u t  i t s  h i g h  m e l t i n g  p o i n t  m i l i t a t e s  a g a i n s t  
i t s  u s e  i n  m i x t u r e s  d e s i g n e d  f o r  l i q u i d  c r y s t a l  d i s p l a y s .
The mesophases  o f  t h e  e s t e r s  (IV) a r e  s l i g h t l y  more 
t h e r m a l l y  s t a b l e  t h a n  t h o s e  o f  t h e  a n a l o g o u s  e s t e r s  ( i l l )  
o f  2 - h y d r o x y - 7 - p e n t y l f l u o r e n e .  The e f f e c t  o f  r e v e r s i n g  
t h e  e s t e r  l i n k a g e  be tween t h e  f l u o r e n e  c o r e  and t h e  p h e n y l  
r i n g  i s  minimal  i n  t e r ms  of  s h a p e ,  b u t  p e r h a p s  more e x t e n s i v e  
c o n j u g a t i o n  i s  p o s s i b l e  when t h e  c a r b o n y l  m o i e t y  i s  bonded 
d i r e c t l y  t o  t h e  f l u o r e n e  co r e  g i v i n g  g r e a t e r  p o l a r i s a b i l i t y  
t o  t h e  m o l e c u l e .  This  e f f e c t  would be e x p e c t e d  t o  g i v e  a 
g r e a t e r  n e m a t i c  t h e r m a l  s t a b i l i t y  t o  t h e  e s t e r s  ( I V ) o f  
7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  (V) as  o b s e r v e d  ( t a b l e s
4 . 1 - 1  and 4 . 1 - 2 ) .  The e s t e r s  ( i l l )  and ( I V ) w i t h  a t e r m i n a l  
cyano g roup  have  a g r e a t e r  mesophase  t h e r m a l  s t a b i l i t y  t h a n  
t h o s e  w i t h  o t h e r  t e r m i n a l  s u b s t i t u e n t s ,  a t r e n d  which  i s  
w e l l  documented f o r  many o t h e r  mesogens .  The e n h an ce d  
mesophase  s t a b i l i t y  o f  b i p h e n y l  mesogens w i t h  a t e r m i n a l  
cyano g roup  has  been p a r t i a l l y  a t t r i b u t e d  t o  t h e  a n t i - p a r a l l e l
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p a i r i n g  o f  t h e  m o l e cu le s . ®  I t  i s  t h e r e f o r e  v i r t u a l l y  
c e r t a i n  t h a t  s i m i l a r  e f f e c t s  a r e  o c c u r r i n g  i n  t h e  c a s e  o f  
t h e  c y a n o - s u b s t i t u t e d  f l u o r e n e  mesogens .  The e s t e r s  ( I I I )  
o f  h y d r o x y p e n t y l f l u o r e n e  i n c o r p o r a t i n g  an a l k o x y  s u b s t i t u e n t  
on t h e  p h e ny l  r i n g  have  h i g h e r  t r a n s i t i o n  t e m p e r a t u r e s  t h a n  
t h e  a n a l o g o u s  a l k y l  s u b s t i t u t e d  compounds.  Th i s  i s  t h e  
e x p e c t e d  t r e n d ,  p r o b a b l y  a r i s i n g  f rom c o n j u g a t i o n  o f  t h e  
l o n e  p a i r  o f  t h e  oxygen atom w i t h  t h e  p h e ny l  r i n g  g i v i n g  
an enh an ce d  a x i a l  p o l a r i s a t i o n  f o r  t h e  a l k o x y  compounds.
In  o r d e r  t o  compare d i r e c t l y  t h e  e f f e c t  on mesogen ic  
p r o p e r t i e s  o f  t h e  e s t e r  l i n k a g e s  w i t h  t h e  -COCHp- and 
l i n k a g e s  d i s c u s s e d  in c h a p t e r  3, t h e  compound 
( (XI X) ,  X = - 0 . C 0 - )  was p r e p a r e d  f rom t h e  r e a c t i o n  o f  
2 - h y d r o x y - 7 - p e n t y l f l u o r e n e  w i t h  4 - b r o m o b e n z o y l c h l o r i d e .
n -  ^ 5 ^ 'I j
( X I X )
The t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  e s t e r  ( (XIX) ,
X = - 0 . G 0 - )  a r e  g i v e n  i n  t a b l e  4 . 2 - 1  a l o n g  w i t h  t h o s e  o f  
t h e  compounds w i t h  -GOGH^- and -GH^GH^- l i n k a g e s  f o r  
c o m p a r i s o n .
Ta b l e  4 . 2 - 1  T r a n s i t i o n  t e m p e r a t u r e s  (°G) f o r  t h e  
compounds (XIX).
( XIX) ,x= G+N,S, I S+N N+I
-GOGHg-








The i n c o r p o r a t i o n  of  an e s t e r  l i n k a g e  i n t o  (XIX) 
c o n f e r s  a much g r e a t e r  mesophase  t h e r m a l  s t a b i l i t y  on t h e  
s y s t e m  as  shown i n  t a b l e  4 . 2 - 1 .  The r i n g - b r o m i n e  and 
r i n g - p e n t y l  bonds a r e  more n e a r l y  c o l l i n e a r  f o r  t h e  e s t e r ,  
b u t  t h e  d i f f e r e n c e  i n  shape  be t ween  t h e  compounds (XIX ) i s  
r a t h e r  s m a l l .  The l o n e  p a i r  o f  t h e  oxygen atom bonded 
d i r e c t l y  t o  t h e  f l u o r e n e  co r e  i n  ( (XIX) ,  X = - 0 . C 0 - )  can 
i n t e r a c t  c o n j u g a t i v e l y  w i t h  t h e  a r y l  r i n g  s ys t em ( a l t h o u g h  
t h e  p r e s e n c e  o f  an a c a r b o n y l  g ro up  w i l l  r e d u c e  t h i s  
t e n d e n c y ) ,  and t h e  d o u b l e  bond of  t h e  c a r b o n y l  m o i e t y  can 
c o n j u g a t e  w i t h  t h e  p h e n y l  r i n g  r e s u l t i n g  i n  g r e a t e r  p o l a r ­
i s a b i l i t y  f o r  t h i s  m o l e c u l e .  However,  t h e  l a c k  o f  meso ge n i c  
p r o p e r t i e s  f o r  t h e  compound ( (XIX) ,  X = -COCH^-),  wh ich  a l s o  
h as  a c a r b o n y l  g r oup  bonded t o  an a r y l  r i n g ,  i s  d i f f i c u l t  t o  
e x p l a i n .
The o c c u r r e n c e  o f  smecbi] p h a s e s  c a n n o t  e a s i l y  be 
p r e d i c t e d  f rom c o n s i d e r a t i o n s  o f  m o l e c u l a r  s t r u c t u r e .  
R e p l a c e m e n t  o f  t h e  p h e n y l  r i n g  i n  t h e  e s t e r s  ( i l l )  w i t h  a 
c y c l o h e x a n e  r i n g  g i v e s  mesogens w i t h  a s m e c t i c  ph as e  as  
shown i n  t a b l e  4 . 1 - 1 .  However ,  b en zen e  r i n g s  w i t h  t h e i r  
g r e a t e r  p o l a r i s a b i l i t y  o ug ht  t o  enhance  t h e  l a t e r a l  i n t e r -  
m o l e c u l a r  a t t r a c t i o n s  which  h e l p  t o  m a i n t a i n  t h e  l a y e r  
a r r a n g e m e n t  o f  t h e  s m e c t i c  s t a t e .  P r es u m a b l y  t h e  f l e x i b l e  
c y c l o h e x a n e  r i n g s  can p ack  more e f f i c i e n t l y  i n t o  t h e  s m e c t i c  
l a y e r s  a l t h o u g h  i n  many c a s e s  r e p l a c e m e n t  o f  an a r o m a t i c  
r i n g  w i t h  an a l i c y c l i c  r i n g  i n c r e a s e s  t h e  N->I t r a n s i t i o n  
t e m p e r a t u r e  w i t h o u t  m ar ked ly  i n c r e a s i n g  t h e  s m e c t i c  t h e r m a l  
s t a b i l i t y  i n  t h i s  way.  For  t h e  p r o p y l  s u b s t i t u t e d  r i n g s  
i n  t h e  e s t e r s  ( i l l ) ,  t h e  n e m a t i c  t h e r m a l  s t a b i l i t y  f a l l s  
s l i g h t l y  when t h e  p h en y l  r i n g  i s  r e p l a c e d  by t h e  c y c l o ­
he xa ne  m o i e t y ,  b u t  t h i s  o r d e r  i s  r e v e r s e d  f o r  t h e  p e n t y l  
s u b s t i t u t e d  r i n g s .  The l a r g e  i n c r e a s e  i n  s m e c t i c  t h e r m a l  
s t a b i l i t y  f o r  t h e  c y c l o h e x a n e  e s t e r s  ( I I I ) ,  compared t o  
t h e i r  p h e n y l  a n a l o g u e s ,  may be a co ns e qu en ce  o f  t h e  n o n ­
p l a n a r i t y  o f  t h e  a l i c y c l i c  r i n g s  which  p e r h a p s  w i l l  n o t  
s l i d e  o ve r  one a n o t h e r  so r e a d i l y ,  i n c r e a s i n g  t h e  d i f f i c u l t y  
o f  d i s r u p t i n g  t h e  s m e c t i c  l a y e r s .  However,  t h e  p e n t y l p h e n y l  
e s t e r  o f  p e n t y l f l u o r e n e c a r b o x y l i c  a c i d  ( ( I V ) ,  R = n-C^H^^)  
has  a s t a b l e  s m e c t i c  p has e  d e s p i t e  t h e  a b s e n c e  o f  an
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a l i c y c l i c  r i n g .  The cyano p h e n y l  e s t e r  o f  t h e  a c i d
( ( I V ) ,  R = CN) h as  no s m e c t i c  p h as e  which c o r r o b o r a t e s
t h e  g e n e r a l  r u l e  t h a t  t e r m i n a l  cyano g r o u p s  t e n d  t o  d e p r e s s
s m e c t i c  s t a b i l i t y  w h i l e  l o n g  a l k y l  c h a i n s  enhance  i t . ^
C o n v e r s e l y ,  when t h e  e s t e r  l i n k a g e  i s  r e v e r s e d ,  t h e  cyano-
p h e n y l e s t e r  ( ( i l l ) ,  R = 4-CNC H , ) d i s p l a y s  s m e c t i c
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p r o p e r t i e s  and t h e  p e n t y l p h e n y l e s t e r  ( ( i l l ) ,  R =
4-n-C^H^^C^H^) has  no s m e c t i c  p h a s e .  The r e a s o n s  f o r  
t h e s e  t r e n d s  a r e  o b s c u r e ;  t h e  r e v e r s a l  o f  t h e  e s t e r  l i n k ­
age has  l i t t l e  e f f e c t  on t h e  o v e r a l l  shape  o f  t h e  m o l e c u l e s  
and i t  i s  d i f f i c u l t  t o  e x p l a i n  t h e s e  o b s e r v a t i o n s  in  t e r ms  
o f  e l e c t r o n i c  e f f e c t s .  The r e p l a c e m e n t  o f  t h e  cyano g r oup  
i n  ( ( I I I ) ,  R = k-GNC^H^) w i t h  bromine  t o  g i v e  ( (XIX) ,
X = - 0 . G 0 - )  produces  an i n c r e a s e  i n  s m e c t i c  phas e  t h e r m a l  
s t a b i l i t y  which i s  e x p e c t e d  s i n c e  t e r m i n a l  bromine  s u b ­
s t i t u e n t s  a r e  known t o  f a v o u r  s m e c t i c  phas e  s t a b i l i t y . ®  
However ,  t h e  r e a s o n  f o r  t h e  h i g h  p o s i t i o n  of  bromine  i n  
t h e  t e r m i n a l  g roup  e f f i c i e n c y  o r d e r  f o r  p r o m o t i n g  s m e c t i c  
p h a s e  t h e r m a l  s t a b i l i t y  i s  u n c e r t a i n  and f u r t h e r  i l l u s t r a t e s  
t h e  d i f f i c u l t y  i n  c o r r e l a t i n g  m o l e c u l a r  s t r u c t u r e  w i t h  t h e  
o c c u r r e n c e  o f  t h e s e  m es opha ses .
4 . 2 . 1  P h y s i c a l  meas uremen ts  on t h e  e s t e r s  ( i l l )  o f  
2 - h y d r o x y - 7 - o e n t y l f l u o r e n e  ( l l ) .
The e s t e r s  ( i l l )  o f  2 - h y d r o x y - 7 - p e n t y l f l u o r e n e  ( I I ) 
were  mixed w i t h  ZLI 1132 in  o r d e r  t o  o b t a i n  v a l u e s  o f  
v i s c o s i t y ,  b i r e f r i n g e n c e  and t r a n s i t i o n  t e m p e r a t u r e  f o r  
t h e  m i x t u r e s .  The m i x t u r e  ZLI 1132,  o b t a i n e d  f rom B.D.H.  
Ghemica l s  L t d . ,  c o n s i s t s  o f  t h r e e  l - a l k y l - 4 - ( 4 - c y a n o p h e n y l  ) 
c y c l o h e x a n e  (PGH) compounds mixed w i t h  4 - ( 4 - p e n tylcyclohei jÿL ) -  
4 ’ - c y a n o b i p h e n y l  (BiGH5).  The c o m p o s i t i o n  of  t h e  m i x t u r e  
ZLI 1132 i s  g i v e n  i n  t a b l e  4 . 2 . 1 - 1 .
For  each  e s t e r  ( I I I )  a number  o f  m i x t u r e s  were 
p r e p a r e d  in  which t h e  p e rcen ta g e  w e i g h t  p r o p o r t i o n  o f  ( I I I )  
was v a r i e d .  For  some o f  t h e  e s t e r s  ( i l l )  the p r o p o r t i o n  
o f  ( I I I )  i n  t h e  m i x t u r e s  was l i m i t e d  by t h e  s o l u b i l i t y  o f  
( I I I )  in  ZLI 1132.  The range o f  p e r c en ta g e  w e i g h t  o f  ( i l l )  
o v e r  which  measurement s  c o u l d  be made was t h u s  l i m i t e d  f o r  
t h e s e  compounds,  and t h i s  r a n g e  i s  i n d i c a t e d  i n  t a b l e
4 . 2 . 1 - 2 .  Graphs of  b i r e f r i n g e n c e  (An) and l o g ^ g  v i s c o s i t y
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T ab le  4 . 2 . 1 - 1 . C om pos i t ion  o f  ZLI 1132.
( PCH)
n ( B i C H S )
Commercia l  l a b e l R % c o m p o s i t i o n
PCH 3 n-G^Hy 24
PCH 5 n-G 36
PCH 7 n — Gy ^ 25
BiCH 5 a-G^H^l 15
(n)  were p l o t t e d  a g a i n s t  p e r c e n t a g e  w e i g h t  c o m p o s i t i o n  o f  
( i l l )  and e x t r a p o l a t e d  v a l u e s  f o r  100# ( i l l )  were  o b t a i n e d .  
The methods u s e d  t o  o b t a i n  t h e  measurements  were t h e  same 
as  t h o s e  g i v en  i n  s e c t i o n  2 .4 *3  e t . s e q .  The l i n e s  i n  t h e  
v i s c o s i t y  p l o t s  ( f i g s .  4 . 2 . 1 - 1  t o  4 * 2 . 1 - 9 )  a r e  l e a s t  s q u a r e s  
f i t s  and t h e  c o r r e l a t i o n  f a c t o r s  ( r )  a r e  g i v en  in  t a b l e
4 . 2 . 1 - 2  a l o n g  w i t h  t h e  e x t r a p o l a t e d  v i s c o s i t i e s .  The 
b i r e f r i n g e n c e  p l o t s  ( F i g s .  4 * 2 . 1 - 1 0  t o  4 * 2 . 1 - 1 8 )  were 
o b t a i n e d  w i t h o u t  t h e  a i d  o f  a l e a s t  s q u a r e s  f i t  and t h e  
e x t r a p o l a t e d  v a l u e s  a r e  a l s o  g i v e n  i n  t a b l e  4 * 2 . 1 - 2 .  As 
a c o m p a r i s o n ,  t h e  v a l u e s  f o r  a b i p h e n y l  e s t e r  o f  s i m i l a r  
s t r u c t u r e  (MB55, o b t a i n e d  f rom B.D.H.  Ch em ic a l s  L t d . )  were  
o b t a i n e d .  These a r e  l i s t e d  i n  t a b l e  4 . 2 . 1 - 2  and t h e  p l o t s  
a r e  a l s o  g i v e n  ( f i g s .  4 * 2 . 1 - 9  and 4 * 2 . 1 - 1 8 ) .  The
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b i r e f r i n g e n c e ,  v i s c o s i t y  and t r a n s i t i o n  t e m p e r a t u r e
f o r  ZLI 1132 ( i . e .  0% ( i l l ) )  a r e  g i v e n  i n  t a b l e  4 . 2 . 1 - 3
( MB5 5 )
The b i r e f r i n g e n c e  o f  t h e  compounds can be r o u g h l y  
c o r r e l a t e d  w i t h  t h e  p r e s e n c e  o f  p o l a r i s a b l e  g r o u ps  i n  
t h e  m o l e c u l e s . 9 T h e r e f o r e  t h e  e s t e r  ( i l l )  i n c o r p o r a t i n g  
t h e  p o l a r i s a b l e  cy an op he ny l  g r oup  has  t h e  h i g h e s t  e x t r a p ­
o l a t e d  b i r e f r i n g e n c e .  The e s t e r s  ( i l l )  i n c o r p o r a t i n g  
a l k y l p h e n y l  and a l k o x y p h e n y l  g roups  a l l  have  s i m i l a r  
v a l u e s  o f  e x t r a p o l a t e d  b i r e f r i n g e n c e  ( ca .  0 . 2 0 )  w h i l e  
t h o s e  i n c o r p o r a t i n g  n o n - p o l a r i s a b l e  c y c l o h e x a n e  r i n g s  
have  l o w e r  v a l u e s  ( c a .  0 . 1 4 ) .  The b i p h e n y l  compound 
MB55, which c l o s e l y  r e s e m b l e s  t h e  a l k y l p h e n y l  and 
a l k o x y p h e n y l  d e r i v a t i v e s  o f  ( i l l ) ,  a l s o  has  an e x t r a p o l a t e d  
b i r e f r i n g e n c e  o f  0 . 2  i n f e r r i n g  t h a t  r e p l a c e m e n t  o f  t h e  
f l u o r e n e  co re  w i t h  a b i p h e n y l  m o i e t y  h as  l i t t l e  e f f e c t  
on t h e  o v e r a l l  p o l a r i s a b i l i t y  o f  t h e  m o l e c u l e s .  However,  
r e p l a c e m e n t  o f  t h e  f l u o r e n e  co re  w i t h  b i p h e n y l  h a s  a 
marked e f f e c t  on t h e  e x t r a p o l a t e d  v i s c o s i t y  o f  t h e  
compounds.  The c ya nop heny l  e s t e r  ( i l l )  h as  a v e r y  h i g h  
v a l u e  o f  e x t r a p o l a t e d  v i s c o s i t y  p r e s u m a b l y  a r i s i n g  f rom 
t h e  enhanced  i n t e r m o l e c u l a r  a t t r a c t i v e  f o r c e s  which  a c c r u e  
f rom t h e  p o l a r i s a b l e  c ya no ph en yl  m o i e t y .  The r e m a i n i n g  
e s t e r s ,  ( i l l )  have  e x t r a p o l a t e d  v i s c o s i t i e s  r a n g i n g  f rom 
ca .  110- 260  cS t  so t h a t  t h e s e  compounds y i e l d  m i x t u r e s  
w i t h  c o n s i d e r a b l y  g r e a t e r  v i s c o s i t i e s  t h a n  t h o s e  c o n t a i n i n g  
MB55. The m i x t u r e s  c o n t a i n i n g  l a r g e  p r o p o r t i o n s  o f  t h e  
f l u o r e n e  e s t e r s  ( i l l )  a r e  t h u s  u n s u i t a b l e  f o r  u s e  i n  l i q u i d  
c r y s t a l  d i s p l a y s  s i n c e  t h e  h i g h  v i s c o s i t i e s  w i l l  r e s u l t  
i n  a s low r e s p o n s e  o f  t h e  mesophases  t o  a p p l i e d  v o l t a g e s  
( i . e .  l o n g  s w i t c h i n g  t i m e s ) .
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Ta b l e  4 . 2 . 1 - 2 . Ex t r a p o l a t e d  v i s c o s i t y  and b i r e f r i n g e n c e  v a l u e s  f o r  
e s t e r s  ( i l l )  o f  2 - h y d r o x y - 7 - p e n t y f l u o r e n e  ( I I ) and 
MB55.
n - C
5^11 AQmQ1 ^ 0 . COR ( I I I )
Range o f  
m easu rem en ts
( I I I ) , R  = E x t r a ­
p o l a t e d
An
E x t r a ­
p o l a t e d
n / c S t
C o r r e l a t i o n  
v a l u e ,  r
MB55
5# 0 .2 4 6 9 . 0 .9 9 9
20# b O " „ G 3 H y 0.203 254 0 .995
20# 0 .195 256 0 .9 8 4
5# 0 .206 250 0 .9 9 4
5# “0 ” G-nG5%l 0 .196 195
0 .9 9 0
5# “^ ^ ° ‘ nG6%3 0 .205 198 0 .992
10# 0 .141 110 0 .995
20# 0 .142 221 0 .9 7 9
20# MB55 0 .2 0 0 70 0 .971
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T a b le  1 . 2 . 1 - 3 . B i r e f r i n g e n c e ,  v i s c o s i t y  and N->I 
t r a n s i t i o n  t e m p e r a t u r e  (T^ ^ ) o f  
ZLI 1132.
V i s c o s i t y / c S t 28
B i r e f r i n g e n c e 0 .138
71 -74
117 .
M easurements  o f  t h e  N-^I t r a n s i t i o n  t e m p e r a t u r e s  
were a l s o  made on t h e  v a r i o u s  ZLI 1132 m i x t u r e s  
g i v i n g  p l o t s  o f  a g a i n s t  e s t e r  ( ( I I I )  o r  MB55) comp­
o s i t i o n .  From t h e s e  p l o t s ,  v a l u e s  o f  e x t r a p o l a t e d  
were o b t a i n e d  which  a r e  g iv e n  in  t a b l e  4 * 2 . 1 - 4  a l o n g  w i t h  
t h e  a c t u a l  v a l u e s  m easured  on th e  p u re  compounds.
From t h e  t a b l e  i t  can be seen  t h a t  t h e  two s e t s  o f  v a l u e s  
d i f f e r  w i d e l y  ( t h e  e x t r a p o l a t e d  v a l u e s  b e i n g  t h e  l o w e r  o f  
t h e  two) e x c e p t  when t h e  e s t e r  ( i l l )  c o n t a i n s  a t e r m i n a l  
cyano g ro u p .  I t  t h e n  p r e su m ab ly  g i v e s  a more i d e a l  m i x t u r e  
w i t h  ZLI 1132 whose c o n s t i t u e n t s  a l l  i n c o r p o r a t e  t e r m i n a l  
cyano g r o u p s .  The p l o t s  f o r  ( ( i l l ) ,  R = G^H^GN) and 
( ( I I I ) ,  B = G^H^-nG^Hy) a r e  g iv e n  as  examples  ( f i g s .  
4 . 2 . 1 - 1 9  and 4 . 2 . 1 - 2 0 ) .  S in c e  th e  T^^ o f  t h e  m i x t u r e s  
i s  r e c o r d e d  as  a r a n g e  ( e . g .  T^^ o f  ZLI 1132 i s  7 1 -7 4 ° C ) ,  
each  g r a p h  has  two l i n e s  which r e p r e s e n t  t h e  l o w e r  and 
u p p e r  l i m i t s  r e s p e c t i v e l y  o f  t h e  r a n g e ,  and t h e s e  t e n d  to  
d i v e r g e  w i t h  i n c r e a s i n g  e s t e r  ( i l l )  c o n c e n t r a t i o n .
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Ta b l e  4 . 2 . 1 - 4 . E x t r a p o l a t e d  and a c t u a l  T^ ^^  v a l u e s  f o r  e s t e r s  
( i l l )  o f  2 - h y d r o x v - 7 - p e n t y l f l u o r e n e  ( l l )  and 
MB55.
Range o f  
m e a s u re m e tn t s
( I I I ) ,  R = E x t r a p o l a t e d
?Nl/°C
A c tu a l
?Nl/°CMB55
209-220 208-209
2 0 % 142-147 173-174
20^ ■ 0 “ n b % l 1 4 1 - 1 4 5 162-163
5$ ° ‘ n b ® 7 1 5 4 - 1 6 1 1 96-197
5^ 1 6 1 - 1 6 8 186-187
" 0 “ ° - n '^ 6%3 1 3 6 - 1 4 4 182-183
10^ 135-143 171-172
20^ 153-163 17 9 -1 8 0
20^ MB55 152-158 176-177
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 ^ F i g . 4-. 2 . 1 - 1 . 7 - P e n t y l - 2 - f l u o r e n y l  p~c y an o b en zo a te  in  ZLI 1132.
Lo; L]_Q y i s c o s i t y  y s .  c o m p o s i t io n  by w t . a t  20°C
r I 1 0  0
rr
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F i g . 4 . 2 . 1 - 2 7 - P e n t y l - 2 - f l u o r e n y l  p - p r o p y l b e n z o a t e  in  ZLI 1 1 3 2 .
LoglO V is c o s i t y  y s . c o m p o s i t io n  by wt .  a t  20°C .
1 2 1 .
F i g . 1 . 2 . 1 - 3 . ' 7 - P e n t y l - 2 - f l u o r e n y l  n -p e n t y l  b e n z o a t e  in  ZLI 1 1 3 2 .
^9.^2.Q v i s c o s i t y  v s .  c o m p o s i t io n  by wt .  a t  20°G.
F ig .  4-. 2 . 1 - 1 .;
122 .
7 - P e n t y l - 2 - f l u o r e n y l  -p-propoxybenzoa . te  in  ZLI 1 1 3 2 .
Q v i s c o s i t y  y s .  c o m p o s i t io n  by w t .  a t  20°G.
L . .
123.
F ig .  4 - .2 .1 -5 7 - P e n t y l - 2 - f l u o r e n y l  p - p e n t y l o x y b e n z o a t e  in  ZLI 1 1 3 2 .
Q v i s c o s i t y  v s .  c o m p o s i t i o n  by wt .  a t  20°C .
-è
12A
F ig .  A.2 . 1 - 6 7 - P e n t y l - 2 - f l u o r e n v l  -p-h e x y lo x y b e n z o a te  in  ZLI 1132
Q v i s c o s i t y  v s .  c o m p o s i t io n  by w t . a t  2 0 ° C .
Fii7. 4-. 2 . 1 - 7 . 7 - P e ' n t y l - 2 - f l u o r e n y l  4--pi*opyl- t r  ans  -cy  d o  hexane  -
c a r b o x y l a t e  in  ZLI 1 1 3 2  ^ ^
y i s c o s i t v  v s .  c o m p o s i t i o n  bv wt .  a t  20°C.
125.
'Î4- estef
F ig .  ^ ^ 2 , 1 - 8 . 7 - P e n t y l - 2 - f l u o r e n y l  4-- p e n t y l - t r r a n s - c y c l o h e x a n e -
c a r b o x y l a t e  in  ZLI 1132.
1 2 6 .
y i s c o s i t v  v s .  c o m p o s i t i o n  bv wt. a t  20 C.
F ig .  4 . 2 . 1 - 9 . MB55 in  ZLI 1 1 32.
Log^Q v i s c o s i t y  v s .  c o m p o s i t i o n  by wt .  a t  20°C .
127
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128. -'I
' 4 ' 2 . 1 - 1 0 .  7 - P e n t y l - 2 - f l u o r e n v l  ( p - c y a n o b e n z o a t e . )  i n  ZLI 1 1 3 2 .
B i r e f r i n g e n c e  y s . c o m p o s i t i o n  by w t .  a t  20°C.
129.
F i g .  4 ' 2 . 1 - 1 1 . 7 - P e n ' t y l - 2 - f l u o r e n v l  f p - -DroDvlbenzoate ) in  ZLI 1 1 3 2 ,
Bi r e f r i n g e n c e  y s .  c o m p o s i t io n  by w t .  a t  2 0 °C .
S
1 3 0 .
Fi g . 4- » 2 . 1 - 1 2  . 7 - P e n t y l - 2 - f l u o r e n y l  r-p-p e n t y l b e n z o a t e  ) in  ZLI 1 1 3 2 .
B i r e f r i n g e n c e  v s .  c o m p o s i t io n  by wt .  a t  20°C .
1 3 1 .
F i g .  4 . 2 . 1 - 1 3 . 7 - P e n t y l - 2 - f l u o r e n v i  ( p - p r o i 3 0 x y b e n z o a t e  ) i n  ZLI 1132
B i r e f r i n g e n c e  v s .  c o m p o s i t i o n  by w t .  a t  2 0 °C .
m
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F i g .  1 . 2 . 1 - 1 1 . _7~Pent y l - 2 - f l u o r e n v l  ( p - p e n ty lo x y b e n z  o a t e  ) in  ZLI 1 1 3 2
B i r e f r i n g e n c e  v s .  c o m p o s i t i o n  by w t .  a t  2 0 °C.
Fig.  4 . 2 . 1 - 1 5 133..7- P e n t y l - 2 - f l u o r e n v i  ( hexy l oxybe nz  o a t e  ) in  ZLI 1132
B i r e f r i n g e n c e  v s .  co m p o s i t io n  by w t .  a t  20°C.
I
134-
ZiS-î 4 ' 2 . 1 - l 6 .  7 - P e n t y l - 2 - f l u o r e n y l (  l - p r o p y l - t r a n s - c y c l o h e x a n e -
c a r b o x y l a t e )  in  ZLI 1 1 3 2 .
B i r e f r i n g e n c e  y s .  c o m p o s i t io n  by wt .  a t  20°G.
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—4 * 2 . 1 - 1 7 . 7 - P e n t y l - 2 - f  l u o r e n v l  ( l - p e n t y l - t r a n s -  cy c l o h e x a n e -
 ....... c a r b o x y l a t e )  in  ZLI 1 1 3 2 .
B i r e f r i n g e n c e  v s .  c o m p o s i t i o n  by wt .  a t  20°C.
i t
Fio;. 4 . 2 . 1 - 1 8 . MB55 in  ZLI 1 1 3 2 .
B i r e f r i n g e nce v s .  c o m p o s i t io n  by wt .  a t  20°C .
I
Fi g .  4 . 2 . 1 - 1 9 .
137.
7 ~ P e n t y l - 2 - f l u o r e n v l ( c y a n o b e n z o a t e ) in  ZLI 1132 
N->I v s .  c o m p o s i t io n  by w t .
138.
Fig.  4 . 2 . 1 - 2 0 . 7- P e n t y l - 2 - f l u o r e n v i ( p - p r c p y l b e n z o a t e ) in  ZLI 1132 
N->I v s .  c o m p o s i t io n  by w t .
139.
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1 4 0 .
6• Ph y s i c a l  measurements  on a l k y l c y a n o f l u o r e n e  m i x t u r e s  and 
c o m par ison  w i t h  a n a lo g o u s  b i p h e n y l  m a t e r i a l s .
5•1•  D e t e r m i n a t io n  of  e u t e c t i c  p r o p e r t i e s  f o r  a l k y c y a n o f l u o r e n e  
mi x t u r e s .
5 . 1 . 1 .  E u t e c t i c  t e m p e r a t u r e s  o f  b i n a r y  m i x t u r e s  o f  a l k y l - 
c y a n o f l u o r e n e s  by th e  c o n t a c t  m ethod .
In  o r d e r  to  o b t a i n  a m a t e r i a l  u s e f u l  f o r  use  in  e l e c t r o ­
o p t i c  d e v i c e s ,  a m ix tu re  was r e q u i r e d  w i th  a s t a b l e  mesophase 
a t  a m b ie n t  t e m p e r a t u r e s .  The f i r s t  s t a g e  in  p r e p a r i n g  such  a 
m a t e r i a l  was t o  o b t a i n  a m ix tu re  w i th  t h e  l o w e s t  m e l t i n g  p o i n t  
p o s s i b l e ,  which sh o u ld  by d e f i n i t i o n  be a e u t e c t i c  m i x t u r e .  The 
c o n t a c t  method^*^ p r o v id e s  a means o f  d e t e r m i n i n g  th e  e u t e c t i c  
t e m p e r a t u r e  o f  a b i n a r y  m i x t u r e .  The compounds to  be s t u d i e d  
were m e l t e d  t o  g iv e  two s e p a r a t e  d rops  o f  m e l t  (one o f  each  
compound) on a m ic ro sco p e  s l i d e .  These were t h en  co v e re d  w i th  
a c o v e r  s l i p  so t h a t  th e  d rops  s p re a d  fo rm ing  a boundary  between 
t h e  two compounds. The s l i d e s  were co o led  in  a f r e e z e r  a t  
ca .  -20°G u n t i l  c r y s t a l l i s a t i o n  was com ple te  w i th  no l i q u i d  a t  
t h e  b o u n d a ry .  The samples  were s u b s e q u e n t l y  r e - h e a t e d  s lo w ly  
u n d e r  a m ic ro sc o p e  u n t i l  l i q u i d  f i r s t  a p p e a r e d  a t  t h e  boundary  
when t h e  e u t e c t i c  t e m p e r a t u r e  was r e a c h e d .  This  t e m p e r a t u r e  
was r e c o r d e d  f o r  b i n a r y  m ix tu r e s  o f  t h e  2 - a l k y l - 7 - c y a n o f l u o r e n e s  
g iv en  in  t a b l e  5 . 1 . 1 - 1 .  The phase  d iagram  in  f i g .  5 . 1 . 1 - 1  
r e p r e s e n t s  t h e  s i t u a t i o n  a t  t h e  boundary  r e g i o n  in  a c o n t a c t  
s t u d y  o f  a b i n a r y  m ix tu re  (A+B) where t h e r e  i s  a c o n t i n u o u s  change 
in  c o m p o s i t i o n  a c r o s s  t h e  boundary  from 100# A t o  100# B. On 
h e a t i n g  from a t e m p e r a t u r e  below th e  e u t e c t i c  t e m p e r a t u r e  T^, a 
t h i n  s t r i p  o f  l i q u i d  f i r s t  a p p e a r s  a lo n g  a l i n e  in  t h e  boundary  
r e g i o n  c o r r e s p o n d i n g  to  th e  e u t e c t i c  c o m p o s i t io n  Xg a t  t e m p e r a t u r e
T_. R e f e r e n c e  t o  t a b l e  5 . 1 . 1 - 1  shows t h a t  t h e  p e n t y l / o c t y lE
m i x t u r e  o f  a l k y l c y a n o f l u o r e n e s  g iv e s  t h e  l o w e s t  e u t e c t i c  temp­
e r a t u r e .  A number o f  p e n t y l / o c t y l  m i x t u r e s  o f  v a r i o u s  com pos i­
t i o n  were t h u s  p r e p a r e d  in  o r d e r  to  d e t e r m in e  t h e  e u t e c t i c  
c o m p o s i t i o n  o f  t h e  sys tem .  A f t e r  th e  s o l i d s  were  mixed, t h e y  
were  m e l t e d  t o g e t h e r  to  e n s u re  th o ro u g h  m ixing  and p l a c e d  between 
two m ic ro s co p e  s l i d e s .  In  some c a s e s  i t  was th e n  n e c e s s a r y  to  
c o o l  t h e  samples  in  t h e  f r e e z e r  t o  p ro d u ce  c r y s t a l l i s a t i o n .  For  
e ach  m i x t u r e ,  t h e  t e m p e r a t u r e  a t  which t h e  l a s t  o f  t h e  s o l i d  
m e l t e d  was r e c o r d e d  ( i . e .  t h e  l i q u i d a s  t e m p e r a t u r e ) .  I t  was
141.
n e c e s s a r y  t o  ru b  th e  s l i d e s  t o g e t h e r  w h i l e  h e a t i n g  to  e n s u re  
a homogeneous c o m p o s i t io n  th r o u g h o u t  t h e  sam ple .  The l i q u i d a s  
t e m p e r a t u r e s  a r e  g iven  in  t a b l e  5 . 1 . 1 - 2  and a p l o t  o f  l i q u i d a s  
t e m p e r a t u r e  a g a i n s t  co m p o s i t io n  i s  a l s o  i n c l u d e d  ( f i g .  5 . 1 . 1 - 2 ) .  
Th is  p l o t  i n d i c a t e s  t h a t  t h e  e u t e c t i c  t e m p e r a t u r e  f o r  t h e  o c t y l /  
p e n t y l  m ix tu r e  i s  ca .  35°C a t  a c o m p o s i t io n  c o n s i s t i n g  o f  51# 
c y a n o - o c t y l f l u o r e n e . This  e u t e c t i c  t e m p e r a t u r e  i s  c o n s i d e r a b l y  
h i g h e r  th a n  th e  v a l u e  (23°C) o b t a i n e d  from t h e  c o n t a c t  s t u d y  
o f  t h e  m i x t u r e .  The reason f o r  t h i s  d i s c r e p a n c y  i s  t h e  
phenomenon o f  po lym orphism  which i s  d i s p l a y e d  by some of  th e  
compounds.
Tab le  5 . 1 . 1 - 1 . 2 - A l k v l - 7 - c v a n o f l u o r e n e s  :
e u t e c t i c  t e m p e r a t u r e s  bv t h e  c o n t a c t  m e th o d .
B in a ry  m ix tu re  : 
a l k y l  g roups
E u t e c t i c  t e m p e r a t u r e / ° C
Hexyl and o c t y l 29
H e p ty l  and o c t y l 43
Hexyl  and h e p t y l 36
P e n t y l  and h e x y l 37
P e n t y l  and h e p t y l 25
P e n t y l  and o c t y l 23 (N+I 22)
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—5 . 1 . 1 - 1 .  Simple e u t e c t i c  d iag ram  f o r  two c o m p o n en ts ,
A and B, c o m p le t e ly  m i s c i b l e  a s  l i q u i d s  b u t  
w i th  n e g l i g i b l e  s o l i d - s o l i d  s o l u b i l i t y .
Temp,
L i a U I D
S O L U T I O N
S O L I D  A 
+  L i a u i D S O L I D
L i a U I D
S O L I D  A 
+  S O L I D  B
1 0 0  %  A 1 0 0 % 8
C o m p o s i t i o n  , X
T a b le  5 . 1 . 1 - 2 . L ig u id u s  t e m p e r a t u r e s  o f  e y a n o p e n t v l f l u o r e n e
e v a n o o e t v f l u o r e n e  m i x t u r e s .
C o m p o s i t io n  by w e i g h t :  
% c y a n o o c t y l f l u o r e n e
L iq u id u s  t e m p e r a t u r e / ° C
10. 0 61
1 9 .8 4 58
32 .02 50
3 8 .0 9 47
49 .61 37
6 1 .26 42
69 .13 46
81 .01 51
8 9 .4 4 52
14-3
F i g .  5 . 1 . 1 - 2 . L iq u id u s  cu rve  f o r  b i n a r y  m ix tu re  - 
—r and Cn a l k y l c y a n o f l u o r e n e s .
144 .
Polymorphism can be a problem when a t t e m p t s  a r e  made to  a s c e r t a i n  
e u t e c t i c  t e m p e r a t u r e s .  This  i s  e s p e c i a l l y  t r u e  when th e  m e l t s  
a r e  c o o le d  q u i c k l y  in  a f r e e z e r  s i n c e  m e t a s t a b l e  s o l i d  s t a t e s  
can be o b t a i n e d  g i v i n g  a r t i f i c i a l l y  low m e l t i n g  p o i n t s .  This  
was t h e  ca se  w i th  some o f  t h e  a l k y l c y a n o f l u o r e n e  m i x t u r e s  as  
i l l u s t r a t e d  in  t a b l e  5 . 1 . 1 - 3 .  The e u t e c t i c  t e m p e r a t u r e s  
r e c o r d e d  in  t h i s  t a b l e  were o b t a i n e d  h a v in g  k e p t  t h e  c o n t a c t  
m i x t u r e s  a t  room t e m p e r a t u r e  f o r  one month and w i t h o u t  t h e  use  
o f  t h e  f r e e z e r  to  in d u ce  c r y s t a l l i s a t i o n .  Three  o f  t h e  m i x t u r e s  
now have  h i g h e r  e u t e c t i c  t e m p e r a t u r e s ,  and two o f  t h e s e  c o n t a i n  
t h e  c y a n o o c t y l f l u o r e n e  compound which was e a r l i e r  found  to  
d i s p l a y  polymorphism ( s e c t i o n  2 . 1 ) .  The e u t e c t i c  t e m p e r a t u r e  
o b t a i n e d  from th e  c o n t a c t  method f o r  t h e  o c t y l / p e n t y l  m ix tu re  
i s  now 35°C ( t a b l e  5 . 1 . 1 - 3 )  which i s  in  a g re em en t  w i th  t h e  v a lu e  
o b t a i n e d  e x p e r i m e n t a l l y  from th e  phase  d iag ram  ( f i g . 5 . 1 . 1 - 2  ) .
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T a b le  5 . 1 . 1 - 3 . 2 - A l k v l - 7 - c v a n o f l u o r e n e s : e u t e c t i c  t e m p e r a t u r e s
by th e  c o n t a c t  method from samples  s t o r e d  a t  
room t e m p e r a t u r e  f o r  one month.
B in a ry  m ix tu re  : 
a l k y l  g roups
E u t e c t i c  t e m p e r a t u r e / ° C
Hexyl and o c t y l 36
H e p ty l  and o c t y l 43
Hexyl and H ep ty l 36
P e n t y l  and Hexyl 37
P e n t y l  and h e p t y l 30
P e n t y l  and o c t y l 35
5 . 1 . 2 .  T h e o r e t i c a l  c a l c u l a t i o n s  o f  e u t e c t i c  p r o p e r t i e s .
The c a l c u l a t i o n s  i n  t h i s  s e c t i o n  a r e  b ased  on th e  S c h r o d e r -  
van L a a r ^ ' 4  e q u a t i o n :
I n  XA
T^ i s  t h e  m e l t i n g  p o i n t  o f  p u re  s u b s t a n c e  A w h i l e  T i s  t h e  
t e m p e r a t u r e  a t  which p u re  s o l i d  A i s  in  e q u i l i b r i u m  w i t h  s o l u t i o n  
o f  mole f r a c t i o n  X^ and AHf i s  t h e  l a t e n t  h e a t  o f  f u s i o n  o f  A. 
Th is  i s  t h e  e q u a t i o n  f o r  t h e  c r y s t a l l i s a t i o n  curve  o f  a s o l u t i o n  
p r o v i d e d  t h a t  t h e  s o l u t i o n  i s  i d e a l  and t h a t  no mixed c r y s t a l s  
a r e  fo rm ed .  I f  t h e  l o g  o f  t h e  mole f r a c t i o n  o f  t h e  component 
t h a t  c r y s t a l l i s e s  o u t  i s  p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  o f  t h e  
a b s o l u t e  t e m p e r a t u r e ,  a s t r a i g h t  l i n e  w i l l  be o b t a i n e d  i f  t h e  
e q u a t i o n  i s  s a t i s f i e d .  The s l o p e  o f  t h i s  l i n e  and i t s  i n t e r c e p t  
depend  o n ly  on t h e  n a t u r e  o f  t h i s  component and a r e  i n d e p e n d e n t  
o f  t h e  o t h e r  components o f  t h e  m i x t u r e .  For a pu re  s o l i d  A to  
be i n  e q u i l i b r i u m  w i th  a s o l u t i o n  c o n t a i n i n g  A, i t  i s  n e c e s s a r y  
t h a t  t h e  ch em ic a l  p o t e n t i a l s  o f  A be t h e  same in  t h e  two p h a s e s :
^A = ^A
The c h e m ic a l  p o t e n t i a l  o f  A in  an i d e a l  s o l u t i o n  i s
14-6 .
+ RT In
OL .where  \ i ^  i s  t h e  chem ica l  p o t e n t i a l  o f  p u re  l i q u i d  A. 
e q u i l i b r i u m  :
Thus a t
OL
Ay ;  = + RT i n  XA
S OLy A and y .. a r e  th e  molar  f r e e  e n e r g i e s  o f  p u re  s o l i d  and
/ q no
p u r e  l i q u i d  ( f o r  s o l i d  y^ = y , s i n c e  X, = 1 and RT In  X, = O)‘A
T h e r e f o r e
.OS _0L
RT = In  XA
'A
( 5 . 1 . 2 - 1 )
■A
G/,T) -HSince  — ^ —  = —  ( G ibbs-Helm hol tz  e q u a t i o n ) ,  d i f f e r e n ­





I t  i s  a good a p p r o x im a t io n  to  t a k e  AHf i n d e p e n d e n t  o f  T 
o v e r  m od era te  r a n g e s  of  t e m p e r a t u r e .  I n t e g r a t i n g  from T^ to  
T g i v e s
-, _ AHf/I 1\
A " "" T^'
F ig .  5 . 1 . 2 - 1  shows t h e  s i t u a t i o n  f o r  p l o t s  o f  In  X. (mole
1 /f r a c t i o n  o f  component i )  a g a i n s t  T.
F i g . 5 . 1 . 2 - 1 . I d e a l  p l o t s  o f  In  X^ a g a i n s t  ^'^T.
In




At t h e  e u t e c t i c  p o i n t ,  a l l  components  o f  th e  m ix tu re  
d i s s o l v e  so t h a t  th e  sum o f  th e  i n d i v i d u a l  f r a c t i o n s ,  X^, in  
s o l u t i o n  i s  100%. A computer  program was o b t a i n e d  from B.D.H. 
C hem ica ls  L td .  which found t h e  p o i n t  where |X^ = 100% by an 
i t e r a t i v e  p r o c e s s ,  and c a l c u l a t e d  t h e  e u t e c t i c  m e l t i n g  p o i n t  and 
c o m p o s i t i o n  g iven  th e  m e l t i n g  p o i n t s  and l a t e n t  h e a t s  o f  f u s i o n  
o f  t h e  components .  A lso ,  g iven  th e  N^I t r a n s i t i o n  t e m p e r a t u r e s  
o f  t h e  components ,  t h e  program c a l c u l a t e d  th e  N^I t e m p e r a t u r e  
f o r  t h e  e u t e c t i c  c o m p o s i t io n  which was e x p r e s s e d  in  p e r c e n t a g e  
w e i g h t s  when th e  m o le c u la r  w e ig h t s  o f  t h e  components  were i n p u t .  
The l a t e n t  h e a t s  o f  f u s i o n  and G- I^ t r a n s i t i o n  t e m p e r a t u r e s  f o r  
t h e  a l k y l c y a n o f l u o r e n e s  were measured by d i f f e r e n t i a l  t h e r m a l  
a n a l y s i s  a t  B.D.H. Chemicals  L td .  and a r e  g iven  in  t a b l e  5 . 1 . 2 - 1 .  
The c a l c u l a t e d  r e s u l t s  o f  e u t e c t i c  p r o p e r t i e s  f o r  t h e  a l k y l ­
c y a n o f l u o r e n e s  a r e  l i s t e d  in  t a b l e  5 . 1 . 2 - 2 .  The v a l u e s  o f  N-»I 
t e m p e r a t u r e  u s e d  in  c a l c u l a t i n g  t h e  e u t e c t i c  t r a n s i t i o n
t e m p e r a t u r e s  a r e  g iven  in  t a b l e  5 . 1 . 2 - 3 .  Two o f  t h e s e  a r e  th e  
v i r t u a l  (N-^l) t e m p e r a t u r e s  o b t a i n e d  ( s e c t i o n  2 .4- .1)  f o r  m i x t u r e s  
w i t h  4--cyano-4-*- p e n t y l b i p h e n y l  w h i l e  th e  r e m a in d e r  a r e  m o n o t ro p ic  
t r a n s i t i o n s  measured  f o r  t h e  compounds. The m o l e c u l a r  w e ig h t s  
u s e d  in  t h e  c a l c u l a t i o n s  a r e  a l s o  g iven  in  t a b l e  5 . 1 . 2 - 3 .  
Comparison o f  t h e  c a l c u l a t e d  e u t e c t i c  m e l t i n g  p o i n t s  f o r  b i n a r y  
m i x t u r e s  in  t a b l e  5 . 1 . 2 - 2  w i th  th e  e u t e c t i c  m e l t i n g  p o i n t s  
o b t a i n e d  from th e  c o n t a c t  s tu d y  ( t a b l e  5 . 1 . 1 - 3 )  shows a poo r  
a g r e e m e n t  between th e  two s e t s  o f  v a l u e s .  A lso ,  t h e  e x p e r i m e n t ­
a l l y  d e t e r m in e d  e u t e c t i c  co m p o s i t io n  f o r  t h e  o c t y / p e n t y l  m ix tu r e  
( f rom f i g .  5 . 1 . 1 - 2 )  i s  51% by w e ig h t  o f  th e  o c t y l  homologue 
w h i l e  t h e  c a l c u l a t e d  v a lu e  from t a b l e  5 . 1 . 2 - 2  i s  ca .  57%.
C l e a r l y  t h e  c a l c u l a t e d  v a l u e s  from t a b l e  5 . 1 . 2 - 2  g iv e  o n ly  a rough  
g u id e  t o  t h e  e u t e c t i c  p r o p e r t i e s  o f  t h e  a l k y l c y a n o f l u o r e n e  
m i x t u r e s .  The p e n t y l / h e x y l / h e p t y l  m ix tu re  i s  p r e d i c t e d  to  have 
t h e  l o w e s t  e u t e c t i c  m e l t i n g  p o i n t  o f  t h e  t e r n a r y  m i x t u r e s  b u t  
a l s o  t h e  l o w e s t  N^I t r a n s i t i o n  t e m p e r a t u r e .  C o n v e r s e ly  t h e
p e n t y l / h e p t y l / o c t y l  m ix tu re  i s  p r e d i c t e d  to  have t h e  h i g h e s t  o f  
t h e  t e r n a r y  m ix tu re  N->I t e m p e r a t u r e s  in  c o n j u n c t i o n  w i t h  t h e  
h i g h e s t  e u t e c t i #  m e l t i n g  p o i n t .  I t  was d e c i d e d  t o  c a r r y  o u t  an 
e x p e r i m e n t a l  d e t e r m i n a t i o n  of  t h e  e u t e c t i c  c o m p o s i t i o n  o f  a 
p e n t y l / h e p t y l / o c t y l  m ix tu re  s i n c e  a g r e a t e r  q u a n t i t y  o f  t h e s e  
m a t e r i a l s  was a v a i l a b l e  f o r  s t u d y .  The computer  program was 
u n a b l e  to  c a l c u l a t e  t h e  e u t e c t i c  p r o p e r t i e s  o f  a q u a t e r n a r y  
m i x t u r e  o f  t h e  f o u r  a l k y l c y a n o f l u o r e n e  hom ologues .
14.8
T a b le  5 . 1 . 2  r i  ; L a te n t ,  h e a t s  o f  f u s i o n  (k c a l / m o l e )  and C- I^ 
t r a n s i t i o n  t e m p e r a t u r e s  (°C) f o r  2 - a l k y l - 7 -  
cyano f l u o r e n e s  measured  by d i f f e r e n t i a l  
t h e rm a l  a n a l y s i s .
A lk y l  ch a in  l e n g t h T r a n s i t i o n  t e m p e r a t u r e AHf
6 / 6 .7
G6 50 5 .4
C7 50 8 . 4.
Gg 5X 9.0
T ab le  5 . 1 . 2 - 2 . E u t e c t i c  p r o p e r t i e s  o f  2 - a l k y l - 7 - c y a n o f l u o r e n e  
m ix tu r e s  c a l c u l a t e d  from a computer  program 
b ased  on th e  S c h ro d e r -v an  Laar  e q u a t i o n .
M ix t u r e -  a l k y l  
c h a in  l e n g t h s
E u t e c t i c
m .p t .
N+I
temp.
E u t e c t i c  c o m p o s i t io n  - 






















5 k 2 . 7, ('8
5 35. 5, C:6
5 39. 5, C'7
6 56 , Cry 4-4-
6 60 , AO
7 5 / , ^8 4.6
5 28, 39
6 4-4-. 5, ('7
5 23, ^6 46
5 25, ^6 48
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T ab le  5 . 1 . 2 - 3 . N-»I t r a n s i t i o n  t e m p e r a t u r e s  and m o l e c u l a r
we i g h t s  of  2 - a l k y l - 7 - c y a n o f l u o r e n e s  u s e d  in  
t h e  S e h ro d e r -v a n  Laar  c a l c u l a t i o n s .
A lky l  ch a in (N+I)temp./°C M o le c u la r  w e ig h t
( 1 7 .5 )  v i r t u a l  
(1 4 ) v i r t u a l
(2 9 . 5 ) m o n o t ro p ic  
( 3 3 ) m o no t rop ic




5 . 1 . 3 . P r o p e r t i e s  o f  a t e r n a r y  e u t e c t i c  m ix tu re  f o r  th e  
p e n t y l ,  h e p t y l  and o c t y l  a l k y l c y a n o f l u o r e n e s .
A m i x t u r e  o f  C^, Gy and Cg a l k y l c y a n o f l u o r e n e s  was p r e p a r e d  
w i t h  t h e  c a l c u l a t e d  e u t e c t i c  c o m p o s i t io n  from t a b l e  5 . 1 . 2 - 2  
which  p r o y i d e d  a u s e f u l  s t a r t i n g  p o i n t  f o r  t h e  s t u d y .  The 
e f f e c t  on t h e  l i q u i d u s  t e m p e r a t u r e  o f  s y s t e m a t i c a l l y  v a r y i n g  
t h e  c o m p o s i t i o n  o f  t h i s  m ix tu re  was d e t e r m in e d .  The p r e d i c t e d  
e u t e c t i c  c o m p o s i t io n  f o r  t h e  t e r n a r y  a l k y l c y a n o f l u o r e n e  sys tem  
was t h e n  o b t a i n e d  by a g r a p h i c a l  method b a sed  on t h e  S c h r b d e r -  
van L a a r  e q u a t i o n .  This  method was d e v e lo p e d  by Dr. E .P .  Raynes 
(Royal  S i g n a l s  and Radar  E s t a b l i s h m e n t ,  M alvern ,  W orcs . )  and 
d e t a i l s  have n o t  been p u b l i s h e d  in  t h e  open l i t e r a t u r e .  The 
method gave a p r e d i c t e d  e u t e c t i c  c o m p o s i t io n  f o r  t h e  t e r n a r y  
a l k y l c y a n o f l u o r e n e  m ix tu re  o f  0^ 43%, Gy 30% and Gg 27%, and 
t h e  p r e d i c t e d  l i q u i d u s  ( e u t e c t i c  m e l t i n g  p o i n t )  t e m p e r a t u r e  f o r  
t h e  sy s tem  was 24°G. A m ix tu re  w i th  t h e  p r e d i c t e d  e u t e c t i c  
c o m p o s i t i o n  was s u b s e q u e n t l y  p r e p a r e d  which had a m e l t i n g  p o i n t  
o f  ca .  17-24°G.  The m ix tu re  had to  be c r y s t a l l i s e d  in  th e  
f r e e z e r  b e f o r e  t h e  m elt ing  p o i n t  co u ld  be o b t a i n e d  and t h e  l a c k  
o f  a s h a r p  G4-1 t r a n s i t i o n  can p r o b a b l y  be a t t r i b u t e d  to  t h e  
po lym orph ism  o f  th e  compounds. This  p r e d i c t e d  e u t e c t i c  m ix tu re  
had  t h e  l o w e s t  o b s e rv e d  l i q u i d u s  t e m p e r a t u r e  o f  a l l  t h e  t ern a ry  
G^, Gy, Gg a lk y lc y a n o f lu o r e n e  m i x t u r e s  s t u d i e d .
In o r d e r  t o  r a i s e  th e  N4-I t r a n s i t i o n  t e m p e r a t u r e  t o  p ro d u ce  
an a m b ie n t  t e m p e r a t u r e  mesophase f o r  th e  m a t e r i a l ,  i t  was n e c e s s a r y
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t o  add a h ig h  c l e a r i n g  p o i n t  compound to  t h i s  e u t e c t i c  m i x t u r e .  
Hence 20% by w e ig h t  o f  Bi CH5 ( ( l ) ,  229°C) was added t o  t h e
m i x t u r e  g i v i n g  a m a t e r i a l  which w i l l  be r e f e r r e d  to  as  t h e  
f l u o r e n e  m ix tu re  F I ;  t h e  c o m p o s i t io n  o f  FI i s  g iven  in  t a b l e  
^ • 1 * 3 - 1 .  The p r o p e r t i e s  o f  FI ( t r a n s i t i o n  t e m p e r a t u r e s ,  b i r e ­
f r i n g e n c e  and v i s c o s i t y )  a r e  g iven  in  t a b l e  5 . 1 . 3 - 2 .  An 
e q u i v a l e n t  m ix tu re  o f  4 - a l k y l - 4 *- c y a n o b i p h e n y l s  was a l s o  
p r e p a r e d  which w i l l  be r e f e r r e d  to  as  t h e  b i p h e n y l  m ix tu re  B l ; 
t h e  c o m p o s i t i o n  o f  t h i s  m ix tu re  i s  g iven  in  t a b l e  5 . 1 . 3 - 3  w h i l e  
i t s  p r o p e r t i e s  a r e  g iven  in  t a b l e  5 . 1 . 3 - 4 .
GH2(GH2)2CH2 ON ( I )
T ab le  5 . 1 . 3 - 1 . Gomposit ion  o f  f l u o r e n e  m ix tu re  F I .
M a t e r i a l s Composi t ion
A lky l  ch a in Gomposit ion
2 - A l k y l - 7 - S 1,3%
c y a n o f l u o r e n e 30% 80^
m i x t u r e «8 2 1 %
Bi GH 5 2 0 %
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Table  5 . 1 . 3 - 2 . T r a n s i t i o n  t e m p e r a t u r e s ,  b i r e f r i n g e n c e  and
v i s c o s i t y  o f  f l u o r e n e  m i x t u r e  F I .
G+N/°C 12-22
N+I/°C 62-67
B i r e f r i n g e n c e 0 .208
V i s c o s i t y / c S t 325
T ab le  5 . 1 . 3 - 3 . Com pos i t ion  of  b i p h e n y l  m ix tu r e  B l .
M a t e r i a l s C om pos i t ion
A lky l  ch a in Composi t ion
4 - A l k y l - 4 ' - A3%
c y a n o b ip h e n y l 30% 80%
m i x t u r e Gg 27%
Bi CH 5 2 0 %
T a b le  5 . 1 . 3 - 4 . T r a n s i t i o n  t e m p e r a t u r e s ,  b i r e f r i n g e n c e  and
y i s c o s i t y  of  b i p h e n y l  m ix tu re  B l .
C+N/°C 
(u p p e r  l i m i t  o f  r a n g e ) ' ■ 7
M+I/°C 69-74
B i r e f r i n g e n c e 0 .212
V i s c o s i t y / c S t 41
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A com par ison  of  FI and Bl shows t h a t  t h e  f l u o r e n e  m i x t u r e  
h as  t h e  h i g h e r  m e l t i n g  p o i n t  b u t  a lo w e r  c l e a r i n g  p o i n t .  The 
b i r e f r i n g e n c e s  o f  t h e  two m ix tu re s  a r e  s i m i l a r  b u t  t h e  v i s c o s i t y  
o f  FI  i s  n e a r l y  an o r d e r  o f  m agn i tude  g r e a t e r  th a n  t h a t  o f  Bl .  
Th is  l a r g e  i n c r e a s e  in  v i s c o s i t y  p ro d u ced  by i n c o r p o r a t i n g  a 
m e th y le n e  b r i d g e  i n t o  t h e  b ip h e n y l  m o ie ty  o f  t h e  compounds i s  
r e m a r k a b l e .
5. 2 I n j e c t e d  s m e c t i c  p h ase s  .
M ix tu r e s  o f  nem atogens  i n c o r p o r a t i n g  p o l a r  t e r m i n a l  g roups  
w i t h  t h o s e  i n c o r p o r a t i n g  n o n - p o l a r  t e r m i n a l  g roups  o f t e n  p ro d u c e  
i n j e c t e d  s m e c t i c  p h a s e s . ^  These a r e  g e n e r a l l y  s m e c t i c  A p h a s e s  
and t h e y  a p p e a r  a t  i n t e r m e d i a t e  c o m p o s i t i o n s  as  i l l u s t r a t e d  in  
f i g .  5 . 2 - 1  where A and B a r e  t e r m i n a l  p o l a r  and t e r m i n a l  n o n ­
p o l a r  nem atogens  r e s p e c t i v e l y .
i g.  5 . 2 - 1 . Phase  d iag ram  of  a t e r m i n a l  p o l a r - t e r m i n a l  n o n ­
p o l a r  n e m a t i c  m ix tu re  i n c o r p o r a t i n g  an i n j e c t e d  






For  t h e  c a s e s  c o n s i d e r e d  h e r e ,  b o th  A and B a r e  n e m a t i c  
m i x t u r e s  r a t h e r  th an  p u re  compounds. When t h e  sys tem  has  a 
g r e a t e r  t e n d e n c y  to  form s m e c t i c  p h a s e s  i t  i s  p o s s i b l e  t o  o b t a i n  
p h ase  d iag ram s  o f  t h e  type  i l l u s t r a t e d  in  f i g .  5 . 2 - 2 .  These can 
r e s u l t  from m i x t u r e s  o f  c y a n o b ip h e n y l  compounds (A) w i t h  non-  
cyano p h e n y l  b e n z o a te  ty p e  e s t e r s  (B) .
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— exampl e  o f  t h e  ty p e  o f  p h a s e  d iag ram  t h a t  can 
be o b t a i n e d  f r om c v a n o b i p h e n y l / n o n - c y a n o  p h e n y l -  
b e n z o a t e  m i x t u r e s .
Temp.
N = Nematic phase
S = Smectic phase
Composition
The d o t t e d  l i n e s  ABCD r e p r e s e n t  t h e  r e g i o n  o f  t h e  p h ase  
d ia g ra m  o b s e rv e d  f o r  l e s s  s m e c t i c  sys tem s  such  as  t h e  one 
i l l u s t r a t e d  in  f i g .  5 . 2 - 1 .  X -ray  measurements  have d e m o n s t r a t e d  
t h a t  t h e  t h i c k n e s s  o f  t h e  s m e c t i c  l a y e r s  on t h e  n o n - p o l a r  s i d e  
(B) o f  t h e  d iag ram  ( f i g .  5 . 2 - 2 )  a r e  a p p r o x i m a t e l y  e q u a l  to  t h e  
m o l e c u l a r  l e n g t h ,  i . e .  t h e y  a r e  m o n o l a y e r s . ^ ’ ® C o n v e r s e ly  
t h e  p o l a r  s i d e  (A) g iv e s  s m e c t i c  l a y e r s  w i t h  a s p a c i n g  o f  ca .
1 . 7  t i m e s  t h e  m o le c u la r  l e n g t h  s u g g e s t i n g  a b i l a y e r  owing to  t h e  
a n t i - p a r a l l e l  p a i r i n g  o f  t h e  m o le c u l e s .  In  t h e  c e n t r e  o f  t h e  
d ia g ra m  i s  an i n t e r m e d i a t e  r e g i o n  which i s  much l e s s  s m e c t i c  in  
c h a r a c t e r .  The shape o f  th e  s m e c t i c - n e m a t i c  cu rv e  can g iv e  r i s e  
t o  r e - e n t r a n t  n e m a t i c  p h a s e s , ^  as  when a m ix tu re  o f  c o m p o s i t i o n  X 
i s  cooled down t h e  l i n e  PQ in  f i g .  5 . 2 - 2 .
I n j e c t e d  s m e c t i c  p h a se s  can c o n v e n i e n t l y  be i n v e s t i g a t e d  by 
c o n t a c t  s t u d i e s . s  The s m e c t i c  t e n d e n c i e s  o f  t h e  f l u o r e n e  ( F l )  
and b i p h e n y l  (B l)  m i x t u r e s  were compared by t h i s  method.  M ix t u r e s  
o f  F l  w i t h  ZLI 1052 and E80A were p r e p a r e d  and compared w i t h  t h e
1 5 4 .
a n a l o g o u s  m i x t u r e s  o f  Bl w i th  ZLI 1052 and E80A. ZLI 1052 i s  
a b i n a r y  m ix tu re  o f  two ph en y l  b e n z o a t e s  w h i l e  E80A i s  a s i x  
component m ix tu re  c o n t a i n i n g  t h r e e  p h en y l  b e n z o a t e s ,  an a l k y l -  
c y a n o b ip h e n y l  and two t e r m i n a l  cyano h ig h  c l e a r i n g  p o i n t  
m a t e r i a l s .  Some t r a n s i t i o n  t e m p e r a t u r e s  f o r  ZLI 1052 and E80A 
a r e  g iv en  in  t a b l e  5 . 2 - 1 .  The c o n t a c t  s t u d y  was c a r r i e d  o u t  
by p l a c i n g  two d i s c r e t e  d r o p s ,  one o f  each  r e l e v a n t  m i x t u r e  ( e . g .  
F l  and ZLI 1 0 5 2 ) ,  on a m ic ro sco p e  s l i d e  and p l a c i n g  a c o v e r  s l i p  
o v e r  b o th  d rops  so t h a t  th e y  s p r e a d  o u t  and came i n t o  c o n t a c t  
w i t h  one a n o t h e r .  The c o n t a c t  r e g i o n  was c o o le d  and s t u d i e d  
u n d e r  a m ic ro sc o p e  to  d e t e r m in e  t h e  S-^ N t r a n s i t i o n  t e m p e r a t u r e  
o f  any  i n j e c t e d  s m e c t i c  p h ase  p r e s e n t .  Tab le  5 . 2 - 2  g i v e s  t h e  
r e s u l t s  o f  t h i s  s t u d y  and shows t h a t  no i n j e c t e d  s m e c t i c  p h a s e s  
were  o b s e rv e d  f o r  t h e  ZLI 1052 m ix tu re s  w i t h  F l  and Bl .  However,  
t h e  E80A m i x t u r e s  w i t h  Fl and Bl bo th  g iv e  i n j e c t e d  s m e c t i c  
p h a s e s  w i t h  t h e  same th e r m a l  s t a b i l i t y .  The t e n d e n c y  t o  form 
s 'm ec t ic  p h a s e s  i s  th u s  v e r y  s i m i l a r  in  b o th  t h e  b i p h e n y l  (Bl)  
and f l u o r e n e  ( F l )  s y s t e m s .  This  tendency i s  f a i r l y  low f o r  
b o th  sy s tem s  which i s  an a d v a n ta g e  when u s i n g  n e m a t i c  m i x t u r e s  
in  e l e c t r o - o p t i c  d i s p l a y  d e v i c e s .
T a b le  5 . 2 - 1 . T r a n s i t i o n  t e m p e r a t u r e s  o f  ZLI 1052 and E80A.







T a b le  5 . 2 - 2 .
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I n j e c t e d  s m e c t i c  -phase t r a n s i t i o n  t e m p e r a t u r e s  
f o r  m i x t u r e s  o f  Fl and Bl w i t h  ZLI 1052 and E80A.
M i x t u r e . Trans i t i o n t e m p e r a t u r e .
ZLI 1 0 5 2 /F l 8+N <-20°C
ZLI 10 5 2 /B l S-)-N <-20°C
E80A/F1 S4-N 16°C
E80A/B1 8+N 16°C
5 .3  A com par ison  of  t h e  e l e c t r o - o p t i c  p r o p e r t i e s  o f  m i x t u r e s
F l  and B l .
5 . 3 . 1  An i n t r o d u c t i o n  to  some i m p o r t a n t  d i s p l a y  o r i e n t e d  
p a r a m e t e r s .
As t h e  number o f  f u n c t i o n a l  r e q u i r e m e n t s  f o r  a d i s p l a y  
i n c r e a s e s ,  so do t h e  number o f  c h a r a c t e r s  and c o n s e q u e n t l y  t h e  
number o f  c o n n e c t i o n s  between th e  d i s p l a y  and t h e  e l e c t r o n i c  
c i r c u i t r y .  A l a r g e  number o f  c o n n e c t i o n s  means t h a t  th e  
i n t e g r a t e d  c i r c u i t s  t h a t  a r e  used  t o  d r i v e  t h e  d i s p l a y s  must 
be l a r g e  and t h e r e f o r e  more e x p e n s i v e ;  f o r  more c o m p l i c a t e d  
sy s te m s  i t  f i n a l l y  becomes p h y s i c a l l y  i m p o s s i b l e  t o  make th e  
n e c e s s a r y  c o n n e c t i o n s .  In  o r d e r  t o  m in im ise  t h e  p ro b le m ,  a 
t e c h n i q u e  known as  m u l t i p l e x i n g  i s  u s ed .  M u l t i p l e x i n g  p r o v i d e s  
a means t o  c o n n e c t  v a r i o u s  segments  o r  p i x e l s  ( p i c t u r e  e l e m e n t s )  
t o g e t h e r  and th e n  to  a d d r e s s  t h e s e  p i x e l s  e l e c t r o n i c a l l y  i n  a 
s e q u e n t i a l  f a s h i o n .  I t  i s  e s s e n t i a l l y  a v o l t a g e  s e l e c t  scheme 
w hereby  t h e  s e l e c t e d  o r  "ON" p i x e l s  r e c e i v e  some m u l t i p l e  of  
t h e  v o l t a g e  a p p l i e d  to  th e  u n s e l e c t e d  or  "OFF" p i x e l s .
As a s im p le  example ,  c o n s i d e r  a d o t  m a t r i x  c o n s i s t i n g  of  
two columns (C^) and two rows (R^) .  This  i s  r e p r e s e n t e d  in  
f i g .  5 . 3 . 1 - 1  where t h e  d o t s  r e p r e s e n t  "ON" p i x e l s  w h i l e  t h e  open 
c i r c l e s  r e p r e s e n t  t h e  "OFF" p i x e l s .  The l i n e s  r e p r e s e n t  t h e  
c o n d u c t o r s  which f o r  a l i q u i d  c r y s t a l  c e l l  w i l l  c o n s i s t  o f  
t r a n s p a r e n t  i n d i u m - t i n  ox id e  s t r i p s  (columns on t h e  t o p  p l a t e ,  
rows on t h e  bo t tom  o r  v i c e - v e r s a ) .
A p i x e l  i s  s w i t c h e d  "ON" when i t s  row and column waveforms 
a r e  o u t  o f  phase  so t h a t  i t  e x p e r i e n c e s  a maximum peak  to  peak
1 5 6 .




F i g .  5 . 3 . 1 - 2 . The waveforms used  to  a d d r e s s  t h e  rows and
columns i l l u s t r a t e d  in  f i g .  5 . 3 . 1 - 1 .
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v o l t a g e  which i s  4V in  t h e  example ( f i g .  5 . 3 . 1 - 2 ) .  When t h e  
c o r r e s p o n d i n g  waveforms a r e  in  p h a s e ,  t h e  peak  t o  p ea k  v o l t a g e  
i s  a minimum ( z e ro  in  f i g .  5 . 3 . 1 - 2 )  and t h e  p i x e l  i s  "OFF".
Hence th e  waveform i s  o u t  o f  p h a se  w i t h  t h e  waveform so 
t h a t  p i x e l  C^R^ i s  "ON" as  shown in  f i g .  5 . 3 . 1 - 1 .  The use  o f  
m u l t i p l e x i n g  has  r e d u c e d  t h e  number o f  c o n n e c t i o n s  from f i v e  
( s t a t i c  d r i v e )  t o  f o u r .  This  i s  b e c a u s e  s t a t i c  d r i v e  r e q u i r e s  
one c o n n e c t i o n  to  each  p i x e l  p l u s  one t o  a common t e r m i n a l .  The 
r e d u c t i o n  i n  c o n n e c t i o n s  i s  c o r r e s p o n d i n g l y  l a r g e r  f o r  more 
c o m p l i c a t e d  s y s te m s .
In p r a c t i c e ,  t h e  waveforms a r e  r e v e r s e d  e v e r y  c y c l e  t o  g iv e  
an a . c .  s i g n a l ,  and th e  l i q u i d  c r y s t a l  r e s p o n d s  t o  r o o t  mean 
s q u a r e  ( r . m . s . )  v o l t a g e s .  Hence waveform would have t h e  form 
i l l u s t r a t e d  in  f i g .  5 . 3 . 1 - 3 .




In  t h e  examples  h e r e ,  th e  peaks  a r e  a t  ±2V. Hence ( t h e
v o l t a g e  e x p e r i e n c e d  by "ON" p i x e l s  such  as  G^R^ in  f i g .  5 . 3 . 1 - 1 )  
i s  o b t a i n e d  by w ork ing  o u t  t h e  r . m . s .  v o l t a g e  o f  t h e  combined o u t  
o f  p h a s e  waveforms ( e . g .  waveforms and R ^ ) o v e r  one c y c l e  ( i . e  
t ^  and t g ) .
VON
Æ Ô  = 3.16V
= / 2S i m i l a r l y
/ ivr+Vp)2+(N-i)v_
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where i s  column v o l t a g e ,  i s  row v o l t a g e  and N i s  t h e  
number  o f  ways m u l t i p l e x e d  ( e q u i v a l e n t  to  t h e  number o f  s t r o b e  
waveforms i . e .  column waveforms in  t h e s e  e x a m p le s ) .  As a 
f u r t h e r  exam ple ,  c o n s i d e r  a 3><3 d o t  m a t r i x  ( f i g .  5 . 3 . 1 - 4 )  w i t h  
t h r e e  "ON" p i x e l s  as  shown.
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F i g .  5 . 3 . 1 - 5 . The •waveforms u sed  to  a d d r e s s  t h e  rows and, 
columns of  t h e  3^3 d o t  m a t r i x  i l l u s t r a t e d  
in  f i g .  5 . 3 . 1 - 4 .
+  2 V - - - - - -
0 —  -  — -
R l
+  2V-  
0 -  
- 2 V -
R
R
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The waveforms used  t o  a d d r e s s  t h i s  m a t r i x  a r e  i l l u s t r a t e d  
in  f i g .  5 . 3 . 1 - 5 .  The number o f  c o n n e c t i o n s  i s  now s i x  w h ereas  
a s t a t i c  d r i v e  m a t r i x  would r e q u i r e  t e n  c o n n e c t i o n s .  and
Vqpp  a r e  as  f o l l o w s :
= 2.83V
VopF = / S a ± Z  = 1.63V
V
In t h i s  t h r e e - w a y  m u l t i p l e x e d  exam ple ,  i s  1 . 7 4
'' ON/ . Uf f
w h e re a s  Vgpp i s  2 .2 4  f o r  t h e  two-way m u l t i p l e x e d  example
g iv e n  e a r l i e r .  I t  i s  a g e n e r a l  c a se  t h a t  must
d e c r e a s e  as  t h e  l e v e l  o f  m u l t i p l e x i n g  i n c r e a s e s  and a r e l a t i o n ­
s h i p  be tween  th e  two has  been formula ted® as  f o l l o w s :
^ON ^ / /N+1
^OFF “  /N-1
Thus w i l l  be ca .  1 . 2  f o r  t h i r t y - w a y  m u l t i p l e x i n g
compared to  ca .  2 . 4  f o r  two-way m u l t i p l e x i n g .  T h e r e f o r e ,  an 
i m p o r t a n t  p r o p e r t y  o f  a l i q u i d  c r y s t a l  to  be u sed  in  h ig h  d u ty  
m u l t i p l e x i n g  i s  t h a t  i t s  v o l t a g e  t h r e s h o l d  s h o u ld  be as  s h a r p  
a s  p o s s i b l e ,  o t h e r w i s e  t h e  p o s s i b l e  number o f  ways o f  m u l t i ­
p l e x i n g  (N) w i l l  be r e d u c e d .
S h a rp n e s s  o f  t h e  t h r e s h o l d  f o r  t w i s t e d - n e m a t i c  (TN) d e v i c e s  
can be e v a l u a t e d  by m easu r in g  th e  t r a n s m i s s i o n  o f  a beam o f  
l i g h t  t h r o u g h  a l i q u i d  c r y s t a l  c e l l  w h i l e  v a r y i n g  t h e  v o l t a g e  
a p p l i e d  a c r o s s  t h e  c e l l .  The t r a n s m i s s i o n  i s  a l s o  m easured  
f o r  d i f f e r e n t  a n g l e s  of  t h e  c e l l  w i t h  r e s p e c t  t o  t h e  i n c i d e n t  
l i g h t  beam. At normal  i n c i d e n c e  t h e  a n g le  i s  r e f e r r e d  t o  as  
0° and o t h e r  a n g l e s  a r e  measured  w i t h  r e s p e c t  t o  t h e  norm a l  
i n c i d e n c e  ( f i g .  5 . 3 . 1 - 6 a  and b ) .  For  a n g l e s  o t h e r  th a n  0 ° ,  t h e  
c e l l  i s  a r r a n g e d  such t h a t  i t s  b e s t  v iew in g  q u a d r a n t  i s  a lw ays  
t i l t e d  to w ard s  t h e  l i g h t  beam ( f i g .  5 . 3 . 1 - 6 c  and d ) .  The b e s t  
v i e w in g  q u a d r a n t  a r i s e s  as  a r e s u l t  o f  m o l e c u l a r  t i l t  in  t h e  
c e l l .  A TN c e l l  can be c o n s t r u c t e d  from a p a i r  o f  g l a s s  p l a t e s ,  
each  c o a t e d  w i t h  a t h i n  l a y e r  of  i n d i u m - t i n  o x id e  on one s i d e .
The t i l t  o f  t h e  l i q u i d  c r y s t a l  m o le c u le s  w i t h  r e s p e c t  t o  t h e  
p l a n e  o f  t h e  g l a s s  depends  on t h e  d i r e c t i o n  o f  r u b b in g  to  which
161 .
Fi g . 5 . 3 . 1 - 6 . P o s i t i o n s  o f  a l i q u i d  c r y s t a l  c e l l  w i t h  r e s p e c t
to  an i n c i d e n t  l i g h t  beam when m e a s u r in g  v o l t a g e  
t h r e s h o l d  s h a r p n e s s .
a .  C e l l  no rm al  t o  t h e  i n c i d e n t  l i g h t  beam:
I
I L iq u id  c r y s t a l  c e l l
L i g h t  beam from s o u r c e  A,
b.  C e l l  t i l t e d  from t h e  no rm a l  by an a n g l e  ( a ) :
%
%
c . C e l l  no rm a l  (0° )  t o  t h e  i n c i d e n t  l i g h t  beam as  viewed
from A. The symbol 0 r e p r e s e n t s  l i g h t  beam p e r p e n d i c u l a r  
to  t h e  p l a n e  o f  p a p e r :
. . . . . . . . .
N. ® y T  L i q u i d  c r y s t a l  c e l l .
d.  C e l l  (v iewed from A) a t  an a n g l e  (a )  w i t h  th e  b e s t  v ie w in g  
q u a d r a n t  t i l t e d  tow ards  t h e  l i g h t  beam:
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F i g . 5 . 3 . 1 - 7 . D i r e c t i o n  o f  m o le c u la r  t i l t  a t  l i q u i d
c r y s t a l - g l a s s  i n t e r f a c e s .
Mesophase m o le c u le s
Glass
W W W  \
D i r e c t i o n  of  
r u b b i n g
F i g .  5 . 3 . 1 - 8 . P o s i t i o n  o f  TN c e l l  b e s t  v i e w in g  q u a d r a n t s  
d e t e r m in e d  from g l a s s  r u b b in g  d i r e c t i o n s .
a .  R i g h t - h a n d e d  h e l i x  TN c e l l :
Top p l a t e  
Bottom p l a t e •D i r e c t io n  o f  r u b b i n g
B e s t  v iew in g  q u a d r a n t  from t h e  t o p .
b .  L e f t - h a n d e d  h e l i x  TN c e l l :
B es t  v iew in g  q u a d r a n t  f rom t h e  t o p
163.
t h e  g l a s s  has  been s u b j e c t e d  in  o r d e r  t o  o b t a i n  t h e  r e q u i r e d  
mesophase  a l i g n m e n t  ( f i g .  5 . 3 . 1 - 7 ) .  The p o s i t i o n  o f  t h e  b e s t  
v i e w in g  q u a d r a n t  th u s  a l s o  depends  on t h e  r u b b in g  d i r e c t i o n  of  
t h e  g l a s s  p l a t e s  and can be p r e d i c t e d  a c c o r d i n g l y  ( f i g .  5 . 3 . 1 - 8 a  
and b ) .
The b e s t  v iew in g  q u a d r a n t  i s  most e a s i l y  o b s e r v e d  a t  th e  
t h r e s h o l d  v o l t a g e  when t h e  c e l l  i s  j u s t  b e g i n n i n g  to  s w i t c h .
An o b s e r v e r  l o o k i n g  a lo n g  t h e  l i n e  PQ in  f i g .  5 . 3 . 1 - 9  s e e s  t h e  
b e s t  v ie w in g  q u a d r a n t ,  which i s  t h e  p o r t i o n  o f  th e  c e l l  g i v i n g  
t h e  b e s t  c o n t r a s t  ( i . e .  t h i s  p o r t i o n  a p p e a r s  d a r k e r  when t h e  TN 
c e l l  i s  sandw iched  between c r o s s e d  p o l a r i s e r s ) .  The p o s i t i o n  
o f  t h e  q u a d r a n t  i s  d e t e r m in e d  by th e  o r i e n t a t i o n  o f  m o le c u le s  
a t  t h e  c e n t r e  o f  th e  c e l l ,  s i n c e  t h e s e  a r e  t h e  f i r s t  t o  s w i t c h .  
The t i l t  o f  t h e  m o le c u le s  i n  a TN h e l i x  i s  d e p i c t e d  in  f i g .
5 . 3 . 1 - 9  where t h e  l i n e  PQ r e p r e s e n t s  t h e  o r i e n t a t i o n  o f  m o le c u le s  
a t  t h e  c e n t r e  o f  t h e  c e l l .
F i g .  5 . 3 . 1 - 9 . S ch em at ic  r e p r e s e n t a t i o n  o f  a TN h e l i x .
D i r e c t i o n  o f  r u b b in g
(up o u t  o f  p l a n e  o f  p a p e r )  ^
G lass
P
D i r e c t i o n  o f  r u b b i n g
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S h a rp n e s s  o f  t h e  v o l t a g e  t h r e s h o l d  can be e x p r e s s e d  by 
t h e  r a t i o s  M^q and M^q which  a r e  d e f i n e d  as  f o l l o w s :
•n a
where  a r e  v o l t a g e s  a t  x% t r a n s m i s s i o n ,  a n g l e  ®< ( s e e  f i g .
5 . 3 . 1 - 6 b )  and t e m p e r a t u r e  T ( °C ) .  These v a l u e s  of  V m a r e
X  ,  o < ,  1
o b t a i n e d  from t r a n s m i s s i o n  - v o l t a g e  c u rv e s  o f  t h e  t y p e  g iv e n  in  
f i g .  5 . 3 . 1 - 1 0 ;  2 q i s  e s s e n t i a l l y  a t h r e s h o l d  v o l t a g e
w h i l e  V^Q g 2 q i s  a s a t u r a t i o n  v o l t a g e .  A s h a r p  t h r e s h o l d  
i m p l i e s  low v a l u e s  o f  M^g and M^g w i th  v a l u e s  o f  t h r e s h o l d  and 
s a t u r a t i o n  v o l t a g e s  t h a t  a r e  c l o s e  t o g e t h e r  and t h e  t r a n s m i s s i o n /  
v o l t a g e  c u r v e s  sh o u ld  i d e a l l y  have a s t e e p  g r a d i e n t .
F i g .  5 . 3 . 1 - 1 0 . T r a n s m i s s i o n / v o l t a g e  cu rv e s  f o r  TN c e l l s .
%  T r a n s m i s s i o n
9 0 , 4 5 , 2 0
9 0 %  —
5 0 , 1 0 , 2 0
5 0 %  -
10 , 0 , 2 0
10% -
V o l t a g e
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The c a p a c i t a n c e  r e s p o n s e  of  a TN c e l l  i s  t h e  most  c l o s e l y  
r e l a t e d  sy s tem  t o  have been t h e o r e t i c a l l y  a n a l y s e d  in  much 
d e t a i l .  Raynes  e t . a l . ^  have s h o \ m  t h a t  t h e  i n i t i a l  g r a d i e n t  
(G) o f  t h e  c a p a c i t a n c e / v o l t a g e  cu rve  depends  on th e  e l a s t i c  
and d i e l e c t r i c  c o n s t a n t s  o f  th e  l i q u i d  c r y s t a l :
G  oc 1
 ^ ^33 , ^
8 Ej,
where  k^^ and k^^ a r e  s p l a y  and bend e l a s t i c  c o n s t a n t s  r e s p e c t ­
i v e l y ,  Ae i s  t h e  d i e l e c t r i c  a n i s o t r o p y  and t h e  d i e l e c t r i c  
c o n s t a n t  p e r p e n d i c u l a r  t o  t h e  mesophase d i r e c t o r .  The o p t i c a l  
s w i t c h i n g  o f  a l i q u i d  c r y s t a l  c e l l  i s  m e d ia te d  by a m idd le  
p o r t i o n  o f  t h e  c a p a c i t a n c e / v o l t a g e  c u rv e ,  b u t  e m p i r i c a l  e v i d e n c e  
s u g g e s t s  t h a t  t h e  o p t i c a l  s w i t c h i n g  i s  i n f l u e n c e d  by s i m i l a r  
f a c t o r s  t o  t h o s e  i n v o l v e d  in  t h e  c a p a c i t a n c e  t h r e s h o l d .  The 
i m p o r t a n t  m a t e r i a l  p r o p e r t i e s  f o r  m u l t i p l e x  o p e r a t i o n  a r e  
t h e r e f o r e  t h e  r a t i o s
I  •
A lso ,  t h e  t r a n s m i s s i o n / v o l t a g e  c u rv e s  f o r  d i f f e r e n t  v iew in g  
a n g l e s  ( a ) s h o u ld  be c l o s e  t o g e t h e r ,  o t h e r w i s e  a t  c e r t a i n  a n g l e s  
( e s p e c i a l l y  when f a c i n g  t h e  b e s t  v iew in g  q u a d r a n t  a t  ca .  45°)  
s w i t c h i n g  i s  s een  a t  to o  low a v o l t a g e  r e s u l t i n g  in  c r o s s - t a l k  
( p i x e l s  d e s i g n a t e d  "OFF" a p p e a r  "ON".
5 . 3 . 2 . E l e c t r o - o p t i c  t h r e s h o l d  s h a r p n e s s  m easurem ents  f o r  
f l u o r e n e  ( F l )  and b i p h e n y l  (Bl)  m i x t u r e s .
The a p p a r a t u s  u sed  to  measure  e l e c t r o - o p t i c  t h r e s h o l d  s h a r p '  
n e s s  i s  i l l u s t r a t e d  s c h e m a t i c a l l y  in  f i g .  5 . 3 . 2 - 1 .  A h e l iu m -  
neon l a s e r  was t h e  s o u rc e  o f  t h e  l i g h t  beam which  was a t t e n u a t e d  
t o  g i v e  l i g h t  o f  a c o n v e n i e n t  i n t e n s i t y .  The i n t e n s i t y  o f  t h e  
l i g h t  i n c i d e n t  on t h e  p h o to  d io d e  was d i s p l a y e d  on t h e  c a th o d e  
r a y  o s c i l l o s c o p e  (CRO) which was c a l i b r a t e d  t o  g iv e  r e a d i n g s  in  
% t r a n s m i s s i o n .  The a n g l e  of  t h e  l i q u i d  c r y s t a l  c e l l  w i t h  
r e s p e c t  t o  t h e  i n c i d e n t  l i g h t  beam co u ld  be a l t e r e d  such  t h a t  
t h e  b e s t  v ie w in g  q u a d r a n t  was t i l t e d  to w ard s  t h e  beam a t  a known 
a n g l e .  The c e l l  was c o n s t r u c t e d  from a p a i r  o f  g l a s s  p l a t e s ,  
ea ch  o f  which had a t r a n s p a r e n t  c o n d u c t i n g  s t r i p  c o n s i s t i n g  o f
F i g .  5 . 3 . 2 - 1 . A p p a ra tu s  f o r  m e a s u r in g  e l e c t r o - o p t i c
t h r e s h o l d  s h a p n e s s .
l 6 6
T h e r m o c o u p l e  t h e r m o m e t e r
L i q u i d  c r y s t a l  c e l l  
H e / N e  l a s e r
P h o t o d i o d e  and  i n t e g r a t e d  a m p l i f i e r
Attenuator Light beam
P o l a r i s e rP o l a r i s e r C R O
V o ltm ete r 1 0 0  Hz a . c .  s u p p l y
F i g .  5 . 3 . 2 - 2 .  C o n s t r u c t i o n  of  t h e  l i q u i d  c r y s t a l  c e l l
B o t t o m  p l a t e T op  p l a t e
Aluminium spacers 
(between plates]C o n d u c t i n g  s t r i p  
f a c i n g  u p w a r d
C o n d u c t i n g  s t r i p  f a c i n g  d o w n w a r d
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i n d i u m - t i n  o x id e .  The p l a t e s  were washed t h o r o u g h l y  w i t h  decon 
s o l u t i o n  f o l lo w e d  by A r i s t a r  p r o p a n - 2 - o l  and a l l o w e d  t o  d r y .
They were th en  immersed b r i e f l y  in  aqueous  p o l y v i n y l  a l c o h o l  
(PVA) s o l u t i o n  and a g a i n  d r i e d .  The p l a t e s  were ru b b ed  l i g h t l y  
in  one d i r e c t i o n  w i th  a t i s s u e ,  and one o f  t h e  p l a t e s  was p l a c e d  
in  a c e l l  h o l d e r  ( j i g )  w i t h  t h e  c o n d u c t i n g  s t r i p  f a c i n g  upward 
( i . e .  t h e  bo t tom  p l a t e  in  f i g .  5 . 3 . 2 - 2 ) .  Two s m a l l  s t r i p s  were 
c u t  f rom a s h e e t  o f  a lum in ium  (6u t h i c k )  and p l a c e d  on t h e  p l a t e .  
The second  p l a t e  was th e n  p l a c e d  on t h e  f i r s t  ( c o n d u c t i n g  s t r i p  
f a c i n g  downwards) such  t h a t  i t s  r u b b in g  d i r e c t i o n  was e x a c t l y  
p e r p e n d i c u l a r  t o  t h a t  o f  t h e  f i r s t .  The two p l a t e s  were h e l d  
t o g e t h e r  by a clamp on t h e  j i g .  The u n i f o r m i t y  o f  t h i c k n e s s  o f  
t h e  c e l l  was checked  by exam in ing  i n t e r f e r e n c e  f r i n g e s ;  to o  many 
o f  t h e s e  i n d i c a t e d  an u n a c c e p t a b l e  v a r i a t i o n  in  c e l l  t h i c k n e s s  
n e c e s s i t a t i n g  th e  c o n s t r u c t i o n  of  a new c e l l .  The t h i c k n e s s  o f  
t h e  c e l l ,  which was r e q u i r e d  to  be 7y, was m easured  v i a  i t s  
c a p a c i t a n c e  a c c o r d i n g  to  t h e  r e l a t i o n
c  . f
where C i s  t h e  c a p a c i t a n c e ,  e th e  p e r m i t t i v i t y  o f  a i r ,  A t h e  
a r e a  o f  t h e  c a p a c i t o r  p l a t e s  and d th e  t h i c k n e s s  of  t h e  c e l l .
The r e q u i r e d  t h i c k n e s s  c o u ld  be a c h i e v e d  by a d j u s t i n g  t h e  
t i g h t n e s s  o f  t h e  j i g  clamp sc rew s  and t a p p i n g  t h e  p l a t e s  u n t i l  
t h e  c o r r e c t  c a p a c i t a n c e  r e a d i n g  was o b t a i n e d .  The c e l l  was 
t h e n  f i l l e d  w i t h  th e  n e m a t i c  m ix tu re  t o  be t e s t e d ,  and examined 
be tw een  c r o s s e d  p o l a r s  t o  check  f o r  u n i fo rm  m o l e c u l a r  a l i g n m e n t ;  
a p a t c h y  a p p e a r a n c e  i n d i c a t e d  a r e a s  o f  r e v e r s e  t w i s t .  Th is  
c o n d i t i o n  c o u ld  g e n e r a l l y  be r e c t i f i e d  by h e a t i n g  t h e  c e l l  u n t i l  
t h e  l i q u i d  c r y s t a l  was c o n v e r t e d  i n t o  t h e  i s o t r o p i c  p h a s e ,  and 
th e n  a l l o w i n g  i t  t o  coo l  u n d e r  an a p p l i e d  e l e c t r i c  f i e l d  ( c a .  lOV, 
lOOHz) back  i n t o  th e  n e m a t i c  p h a s e .  F i n a l l y ,  t h e  u n i f o r m l y  
a l i g n e d  c e l l  was p l a c e d  in  t h e  l a s e r  beam and i t s  t e m p e r a t u r e  
c o n t r o l l e d  a t  2 0 + 0 .3°C by c o o l i n g  as  n e c e s s a r y  in  c o l d  a i r  which 
had  been p i p e d  t h ro u g h  a d ry  i c e / a c e t o n e  m i x t u r e .  Measured 
v o l t a g e s  were th e n  a p p l i e d  to  g iv e  t h e  r e q u i r e d  % t r a n s m i s s i o n  
a t  t h e  s p e c i f i e d  a n g l e  i . e .  V ^ q ,0 ,2 0  v o l t a g e  r e q u i r e d  to
g i v e  10$ t r a n s m i s s i o n  w i th  th e  c e l l  a t  0° t o  n o rm a l  i n c i d e n c e  o f  
l i g h t  a t  20°G.
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For each  n e m a t i c  m ix tu r e  t e s t e d ,  two d i f f e r e n t  c e l l s  were 
c o n s t r u c t e d  and th e  v o l t a g e  r e a d i n g s  f rom t h e  p a i r  were g e n e r a l l y  
w i t h i n  10.02V o f  one a n o t h e r .  The v o l t a g e s  were a l s o  r e c o r d e d  
w i t h  t h e  l a s e r  beam p a s s i n g  t h ro u g h  d i f f e r e n t  r e g i o n s  o f  t h e  
c e l l  as  a f u r t h e r  check  on r e p r o d u c i b i l i t y ,  g i v i n g  v a r i a t i o n s  
o f  10.02V o r  l e s s .  The a v e r a g e  m easurem ents  on f l u o r e n e  m i x t u r e  
F l  a r e  g iv en  in  t a b l e  5 . 3 . 2 - 1  a l o n g  w i t h  t h e  m e r i t  v a l u e s  M^q 
and M^g. The r a t i o  Vpo*^90 e s s e n t i a l l y  a measure  o f  ^ON/^OFF. 
S i m i l a r l y ,  t h e  m easurements  on b i p h e n y l  m ix tu re  Bl a r e  a l s o  g iv e n  
in  t a b l e  5 . 3 . 2 - 1 .  A com par ison  of  t h e  v a l u e s  shows t h a t  t h e  
f l u o r e n e  m ix tu re  has  lo w e r  t h r e s h o l d  v o l t a g e s  and a s l i g h t l y  
s h a r p e r  t h r e s h o l d  th a n  t h e  b i p h e n y l  m i x t u r e .
T a b le  5 . 3 . 2 - 1 .  E l e c t r o - o p t i c  t h r e s h o l d  m easurem ents  on Fl  and Bl
T h r e s h o ld
p a r a m e t e r
Fl
v o l t a g e s
Bl
v o l t a g e s
h o , 0 ,2 0 1 .9 0 2 .1 1
^ 9 0 , 0 , 2 0 1 .4 2 1 . 5 7
'^50 ,10 ,20 1 .4 4 1 . 5 9
^ 9 0 , 4 5 , 2 0 1 .0 9 1 .1 5
h o ‘^90 1 .3 4 1 . 3 4
"2 0 1 . 7 4 1 . 8 3
^^20 1 .3 2 1 .3 8
From t h e  r e l a t i o n
. .  ---------
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i t  i s  e v i d e n t  t h a t  t h e  i m p o r t a n t  m a t e r i a l  p r o p e r t i e s  f o r  m u l t i ­







No r e l i a b l e  b a s i s  e x i s t s  f o r  p r e d i c t i n g  e l a s t i c  c o n s t a n t s  from
m o l e c u l a r  s t r u c t u r e  ( a l t h o u g h  ^ 33 /^pp  a p p e a r s  to  i n c r e a s e  w i t h
i n c r e a s i n g  l e n g t h : b r e a d t h  r a t i o  °) and f u r t h e r m o r e  t h e  p r o c e s s
o f  m ix ing  d i f f e r e n t  nem atogens  t o g e t h e r  r e s u l t s  in  s t r o n g l y
n o n - a d d i t i v e  changes  in  t h e s e  p r o p e r t i e s .  However in  t h e  c a s e
o f  E7, which i s  a m ix tu re  o f  a l k y l -  and a l k o x y c y a n o b i p h e n y l s
w i t h  a h ig h  c l e a r i n g  p o i n t  a d d i t i v e ,  t h e  r a t i o  o f  d i e l e c t r i c
c o n s t a n t s  dom ina te  t h e  d e n o m in a to r  o f  t h e  t h r e s h o l d  r e l a t i o n ^ ^
and  t h i s  p r o v i d e s  a r a t i o n a l e  f o r  t h e  a d d i t i o n  o f  n o n - t e r m i n a l
cyano compounds to  a m u l t i p l e x i n g  m i x t u r e .  Such compounds have  
Ae/a low v a l u e  o f  and w i l l  t h u s  i n c r e a s e  t h e  g r a d i e n t  G of
t r a n s m i s s i o n - v o l t a g e  c u rv e s  f o r  a m i x t u r e .  D i - a l k y l p h e n y l -  
b e n z o a t e  e s t e r s  have p r o v e d  t o  be u s e f u l  a d d i t i v e s  o f  t h i s  t y p e ,   ^  ^
h en ce  50$ by w e ig h t  o f  ZLI 1052 was added to  F l  and Bl r e s p e c t i v e l y ,  
The m ix tu re  ZLI 1052 i s  a b i n a r y  e u t e c t i c  o f  two a l k o x y - a l k y l -  
p h e n y l b e n z o a t e s  which g i v e s  no i n j e c t e d  s m e c t i c  p h a s e s  above 
-20°C when mixed w i th  F l  o r  Bl ( s e c t i o n  5 . 2 ) .  T h r e s h o ld  
m easu rem en ts ,  which a r e  g iv en  in  t a b l e  5 . 3 . 2 - 2 ,  were made on t h e  
ZLI 1052 / F l  and ZLI 1 0 5 2 /B l  m i x t u r e s .  As e x p e c t e d ,  t h e s e  
m i x t u r e s  g iv e  s h a r p e r  t h r e s h o l d s  th an  th e  p a r e n t  F l  and Bl 
m a t e r i a l s ,  and t h e  f l u o r e n e  c o n t a i n i n g  m ix tu re  ZLI 1 0 5 2 / F l  has  
a s h a r p e r  t h r e s h o l d  th an  t h e  c o r r e s p o n d i n g  b i p h e n y l  m i x t u r e  
ZLI 1052 / B l .  The a d d i t i o n  o f  ZLI 1052 has  r e s u l t e d  in  h i g h e r  
t h r e s h o l d  v o l t a g e s ,  b u t  l i t t l e  change in  t h e  ^ ^ ^ io  has
a c c r u e d .
T a b le  5 . 3 . 2 - 2 . E l e c t r o - o p t i c  t h r e s h o l d  m easurem ents  on 
ZLI 1052 / F l  and ZLI 10 5 2 /B l  m i x t u r e s .
T h r e s h o ld ZLIIO52 /F I ZLI 1052 /B l
p a r a m e t e r v o l t a g e s v o l t a g e s
h o , 0 ,2 0 1 .9 8 2 . 1 9
'^90 . 0 ,2 0 1 .4 7 1 .6 3
1 .5 3 1 .6 8' '50 , 1 0 ,2 0
1 .1 9 1 .2 8* 9 0 ,4 5 .2 0
h o ‘ ^90 1 .3 5 1 . 3 4
M 1 .6 6 1 .7 1^20
M ’ ^ 1 .2 9 1 .3 120
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5 ' 4  Measurement o f  t h r e s h o l d  v o l t a g e  change w i t h  t e m p e r a t u r e  
(^ ^ /d T )  f o r  m ix tu r e s  Fl  and B l .
The v a r i a t i o n  o f  t h r e s h o l d  v o l t a g e  w i t h  t e m p e r a t u r e  may be 
d e s c r i b e d  by oi" a c o m b in a t io n  o f  s a t u r a t i o n  v o l t a g e  a t  0°C
w i t h  t h r e s h o l d  v o l t a g e  a t  40°C t o  g iv e  a p a r a m e t e r  r e l a t e d  t o  
d e v i c e  p e r fo rm a n c e  o v e r  an o p e r a t i n g  t e m p e r a t u r e  r a n g e ,  w i t h o u t  
e l e c t r o n i c  c o m p e n s a t io n :
M. . = - h o. 0 ,0
'^90 ,45 ,40
S i m i l a r l y ,  M^_^g i s  d e f i n e d  as  f o l l o w s :
The above m easures  o f  p e r fo rm a n c e  s h o u ld  be as  s m a l l  as  
b l e  f o r  t h e  b e s t  d i s  
d e f i n e d  in  s e c t i o n  5 - 3 . 1 :
p o s s i p l a y  down t o  t h e  ^ON/^OFF r a t i o
^OH ^ / / S + 1
^OFF i/F-1
The a p p a r a t u s  u sed  to  o b t a i n  measurements  a T
d i f f e r e n t  t e m p e r a t u r e s  was t h e  same as  i l l u s t r a t e d  in  f i g .  5 . 3 . 2 - 1  
e x c e p t  t h a t  t h e  l i q u i d  c r y s t a l  c e l l  was e n c l o s e d  in  a box 
t h r o u g h  which  a warm a i r / c o l d  n i t r o g e n  m i x t u r e  was p a s s e d  to  g i v e  
t e m p e r a t u r e s  between 0 and 40^G. The a r r a n g e m e n t  u se d  t o  
c o n t r o l  t h e  c e l l  t e m p e r a t u r e  i s  i l l u s t r a t e d  i n  f i g . i 5 . 4 - 1 -
V alues  o f  V^Q g rp and V^g g  ^^ were d e t e r m in e d  a t  5±0.3°G 
i n t e r v a l s  be tween 0 and 40°G, and v a l u e s  were a l s o  o b t a i n e d  f o r  
Vgg ^g and V^g ^g^g ( so s  t a b l e  5 - 4 - 1 ) .  Graphs were p l o t t e d  
( f i g s . * 5 -4 -2  and 5 - 4 - 3 )  o f  Vgg^g^^ and V^g^g^^ a g a i n s t  t e m p e r a t u r e  
f o r  m i x t u r e s  F l  and Bl,  u s i n g  a l e a s t  s q u a r e s  f i t .  ^yThe g r a d i e n t s  
o f  t h e s e  p l o t s  g iv e  dV^ ^ /dT from which ÿ—  ------ .
* X, 0 , 2 0
o b t a i n e d  (where t h e  v a l u e s  f o r  V^^g^^O &lso o b t a i n e d  from t h e
g r a p h s ) .  This  i s  n o r m a l l y  e x p r e s s e d  a s  a p e r c e n t a g e ,  and i s  
w r i t t e n  as
X 100
\ , 0, 20
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Fi g .  5 . 4 - 1 . A pp ara tu s  to  c o n t r o l  l i q u i d  c r y s t a l  c e l l  
t e m p e r a t u r e .
T h e r m o c o u p l e  t h e r m o m e t e r s
H e a t i n g  j a c k e t
H e a t i n g  c o n t r o l l e r
Dry  i c e  + a c e t o n e
T h e r m o c o u p l e s
Wi ndow
A i r  +  N
L a s e r
b e a m
Li qui d  c r y s t a l  
c e l l
P l a s t i c  b o x
A c.  v o l t a g e  s u p p l y
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t o  g i v e  a p o s i t i v e  number.  The i n t e r c e p t s  o f  t h e  q
p l o t s  g iv e  th e  v a l u e s  o f  q q which a r e  u sed  t o  c a l c u l a t e  '
^0-4.0* t h e  p a r a m e t e r s  f o r  m i x t u r e s  F l  and Bl a r e  g iv e n  in
t a b l e  5 . 4 - 1 .  In  t h e  ca se  o f  each  p a r a m e t e r ,  t h e  v a l u e  f o r  t h e  
f l u o r e n e  m ix tu re  i s  lo w e r  t h a n  t h a t  f o r  t h e  b i p h e n y l  m i x t u r e .  
Thus t h e  t h r e s h o l d  v o l t a g e s  v a ry  s l i g h t l y  l e s s  w i t h  t e m p e r a t u r e  
f o r  t h e  f l u o r e n e  m i x t u r e ,  a t e n d e n c y  which i s  an a d v a n t a g e  when 
c o n s t r u c t i n g  l i q u i d  c r y s t a l  d i s p l a y s .
T a b le  5 . 4 - 1 . P a r a m e t e r s  f o r  e v a l u a t i n g  t h e  v a r i a t i o n  o f  
t h r e s h o l d  v o l t a g e  w i t h  t e m p e r a t u r e . f o r  m i x t u r e s  
Fl  and Bl .
P a r a m e te r F l Bl i
^ 1 0 , 0 , 2 0
^ 9 0 , 0 , 2 0





1 . 5 9
0 .98
^ 5 0 , 1 0 , 0 1 . 6 9 1 . 8 5
^ 1 0 , 0 , 0 2 .2 5 2 .4 9
( v o l t s  p e r  °C ) - 0.015 - 0 .0 1 7
^ ^ 9 0 .0
dT - 0 . Oil - 0 .014
- TJ— --------  X 100
' 1 0 , 0 , 2 0  “
0 .78 0 .7 9





2 . 5 4
1 . 8 9
L e a s t  s q u a r e s  f i t :  ) ^ i o , 0 , T  
c o r r e l a t i o n  f a c t o r  r ;  ^ 9 0 ,0 ,T
- 0 .9 9 5
- 0 .9 8 5
- 0 .9 9 8
- 0 .9 8 8




^ ' ^ - 3 .  dV/dT f o r  b i p h e n y l  m i x t u r e  B1.
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5•5 Measurement  o f  t h e  d i e l e c t r i c  a n i s o t r o p y  f o r  m i x t u r e s
FI and B l .
The d i e l e c t r i c  a n i s o t r o p y  (As) of  a l i q u i d  c r y s t a l  can be 
d e t e r m i n e d  by me as u r ing  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  m a t e r i a l  
b o t h  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  d i r e c t o r .  This  can be 
a c h i e v e d  by a l i g n i n g  t h e  sample  d i r e c t o r  f i r s t  h o m e o t r o p i c a l l y  
t h e n  homogeneous ly  w i t h  r e s p e c t  t o  t h e  p l a t e s  o f  a c a p a c i t a n c e  
c e l l  and m ea s ur in g  t h e  c a p a c i t a n c e  f o r  b o t h  c a s e s .  The d i e l ­
e c t r i c  c o n s t a n t  ( e) o f  a l i q u i d  i n  t h e  c e l l  i s  t h en  g i v en  by 
where  i s  t h e  c a p a c i t a n c e  of  t h e  empty c e l l  and t h e  c a p a c ­
i t a n c e  o f t h e  c e l l  when f i l l e d  w i t h  m a t e r i a l .  The a p p a r a t u s  
u s e d  t o  o b t a i n  t h e s e  measurement s  i s  i l l u s t r a t e d  in  f i g .  5 . 5 - 1 ,  
and a l i g n m e n t  o f  t h e  sample  d i r e c t o r  was a c h i e v e d  by means o f  
a m a g n e t i c  f i e l d  as  shown ( f i g .  5 . 5 - l a  d e p i c t s  t h e  s i t u a t i o n  
f o r  m e a s u r i n g  t h e  p a r a l l e l  d i e l e c t r i c  c o n s t a n t  e , , ) .  The c e l l  
c o n s i s t e d  o f  two g l a s s  s l i d e s  w i t h  i n d i u m - t i n  ox id e  c o n d u c t i n g  
s t r i p s ,  h e l d  a p a r t  by g l a s s  s p a c e r s  ( t o  g i v e  ca.  lOOy gap be tween 
t h e  p l a t e s )  and cemented  i n  p l a c e  w i t h  a r a l d i t e .  The g l a s s  
s p a c e r s  c o n s i s t e d  o f  s t r i p s  c u t  f rom a m i c ro s co p e  s l i d e  cov er  
s l i p .  The c e l l  was mounted in  a p l a s t i c  h o l d e r  ( see  f i g .  5 . 5 - l b )  
and w i r e s  were  a t t a c h e d  t o  t h e  c o n d u c t i n g  s t r i p s  w i t h  t h e  a i d  of  
t h e r m o c o u p l e  a t t a c h m e n t  p a d s .  Th i s  a r r a n g e m e n t  was t h e n  p l a c e d  
i n  an a l umin ium c a s i n g  b e f o r e  measurement  t o  p r o v i d e  e l e c t r i c  
s h i e l d i n g  f o r  t h e  c a p a c i t a n c e  b r i d g e .
The measured  c a p a c i t a n c e s  of  t h e  c e l l  when f u l l  and empty 
(C*^ and G' ^ r e s p e c t i v e l y )  i n c l u d e d  a c e r t a i n  amount  o f  s t r a y  
c a p a c i t a n c e  (S) f o r  t h e  s y s t e m,  and t h e r e f o r e  t h e  d i e l e c t r i c  
c o n s t a n t  i s  g i v en  by
G» -S
^ " G » I s  e
Gf
where  G^ and G^ a r e  t h e  a c t u a l  c a p a c i t a n c e s  of  t h e  f u l l  and 
empty c e l l .  I t  was t h u s  n e c e s s a r y  t o  c a l i b r a t e  t h e  c e l l  t o  
d e t e r m i n e  t h e  v a l u e  o f  S. Thi s  was a c h i e v e d  by f i l l i n g  t h e  c e l l  
w i t h  a l i q u i d  o f  known d i e l e c t r i c  c o n s t a n t  and m e a s u r i n g  t h e  
c a p a c i t a n c e  G ha v i ng  d e t e r m i n e d  t h e  v a l u e  G' ^ f o r  t h e  empty
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F i g .  5 . 5 - 1 . A p pa r a t us  f o r  m ea s u r i n g  d i e l e c t r i c  a n i s o t r o p y , 
a .  S ch emat i c  r e p r e s e n t a t i o n :
C a p a c i t a n c e  c e l l  A l u m i n i u m  c a s i n g
N a n d  S a r e  p o l e s  
o f  t h e  m a g n e t .
Li qui d  c r y s t a l  
H e w l e t t - P a c k a r d  I CR m e t e r
b.  Di ag rammat i c  s e c t i o n  t h r o u g h  c e l l  h o l d e r :
Cel l  c l a m p ^  Cel l -». .>^ S p a c e r  T h e r m o c o u p l e  a t t a c h m e n t
/  p a d  
7 T /  / ~
177 77 7 /  r-n-ry-rV/
P l a s t i c  h o l d e r




c e l l .  The c a l c u l a t i o n  f o r  t h e  d e t e r m i n a t i o n  o f  S u s i n g  
bromobenzene ( e = 5 . 4 )  as  t h e  d i e l e c t r i c  m a t e r i a l  i s  g i v e n  be low.  
The two measured  c a p a c i t a n c e s  as  o b t a i n e d  f rom a H e w l e t t - P a c k a r d  
LCR m et e r  were as  f o l l o w s  :
C ' e  = 1 7 . 9 pF  (= Cg + 8)
= 87 . 6pF (= C^+S)
S i n c e  e  f o r  bromobenzene i s  5 . 4 ,
Cf
71— = 5 . 4  and = 5.4C .Ce
Hence
5 . 4 0  +S = 8 7 . 6e
and Cg+S = 1 7 . 9
S u b t r a c t i n g  :
4.4-C = 6 9 . 7  and C =e e 4 . 4
'  S = 17.  9 - = 2.  06pF.
The c a l i b r a t i o n  was r e p e a t e d  u s i n g  t o l u e n e  as  t h e  d i e l e c t r i c  
m a t e r i a l ,  and a v a l u e  o f  1 . 8 9 p F  was o b t a i n e d  f o r  S. The v a l u e  
o f  S u s e d  i n  s u b s e q u e n t  measurement s  was t a k e n  as  2 .0 pF  ( t h e  
a v e r a g e  f i g u r e  c o r r e c t e d  t o  one d e c i m al  p l a c e ) .
The d i e l e c t r i c  a n i s o t r o p i e s  o f  t h e  l i q u i d  c r y s t a l  m i x t u r e s
FI and Bl were o b t a i n e d  by m ea s u r i n g  t h e  c e l l  c a p a c i t a n c e  w i t h
t h e  l i q u i d  c r y s t a l  d i r e c t o r  p e r p e n d i c u l a r  t o  t h e  e l e c t r i c  f i e l d
( 0 * ^ , )  and a g a i n  w i t h  t h e  d i r e c t o r  p a r a l l e l  t o  t h e  e l e c t r i c
f i e l d  ( C ’ o ) .  R o t a t i o n  o f  t h e  p l a s t i c  h o l d e r  t o  g i v e  t h e  
 ^tr
minimum v a l u e  o f  c a p a c i t a n c e  d e t e r m i n e d  C w h i l e  t h e  maximum 
v a l u e  c o r r e s p o n d e d  t o  C ’ . The Ae v a l u e  was t h e n  c a l c u l a t e d  
f rom t h e  f o l l o w i n g  e q u a t i o n s :
G' f  -SI I
£ I —
and e
■I ~ C» -S e
C » -S
^  I !
178.
w h e r e  S = 2 .0 pF ,  C'^  = 17.  9pF and Ac = A f t e r  one
measurement  on a m i x t u r e ,  t h e  c e l l  was washed o u t  w i t h  p r o p a n - 2 - o l ,  
d r i e d  and r e f i l l e d  w i t h  t h e  m i x t u r e  t o  check  t h e  r e p r o d u c i b i l i t y  
o f  t h e  measurement .  A l l  t h e  v a l u e s  o b t a i n e d  f o r  m i x t u r e s  FI and 
Bl a r e  g i ve n  i n  t a b l e  5 . 5 - 1  and t h e  f i g u r e s  a r e  c o r r e c t  t o  one
T ab le  5 . 5 - 1 . Ca p a c i t a n c e s  and d i e l e c t r i c  c o n s t a n t s  f o r  
m i x t u r e s  FI and B l .
P a r a m e t e r FI Bl
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1 7 . 4
1 2 . 6
7 9 . 9 pF
286pF
4 . 9
1 7 . 9
1 3 . 0
d e c i m a l  p l a c e .  The £, v a l u e s  a r e  h i g h e r  f o r  t h e  f l u o r e n e  
m i x t u r e ,  w h i l e  the.  £„ v a l u e s  a r e  s l i g h t l y  l o w e r  t h an  t h o s e  f o r  
t h e  Bl m i x t u r e  a l t h o u g h  t h e r e  i s  c o m p a r a t i v e l y  l i t t l e  d i f f e r e n c e  
in  t h e  l a t t e r  meas urement s .  The p r e s e n c e  o f  t h e  m e t h y l en e  
b r i d g e  i n  t h e  f l u o r e n e  n u c l e u s  w i l l  t e n d  t o  i n c r e a s e  t h e  p o l a r i t y  
p e r p e n d i c u l a r  t o  t h e  l o n g  m o l e c u l a r  a x e s ,  r e s u l t i n g  i n  a l a r g e r  
Cj f o r  FI when compared w i t h  t h e  a n a l o g o u s  b i p h e n y l  m i x t u r e  B l . 
An o t h e r  f a c t o r  which may be i m p o r t a n t  i s  t h e  n o n - c o l l i n e a r i t y  o f  
t h e  r i n g - a l k y l  r i n g - c y a n o  bonds i n  t h e  f l u o r e n e  m o l e c u l e s .  Thus 
t h e  cyano group d i p o l e  i s  n o t  a c t i n g  d i r e c t l y  a l o n g  t h e  l o n g  
m o l e c u l a r  a x i s  and t h i s  e f f e c t  may c o n t r i b u t e  somewhat t o  t h e  
i n c r e a s e  in  £, f o r  t h e  f l u o r e n e  m i x t u r e .  Th i s  i n c r e a s e  in  
r e s u l t s  i n  a l o w e r  As v a l u e  f o r  t h e  f l u o r e n e  m i x t u r e  when compared 
t o  t h e  b i p h e n y l  m i x t u r e .
5 . 6  Me a s u r e m e n t  o f  t h e  o r d e r  p a r a m e t e r  f o r  m i x t u r e s  FI and B l .
I f  t h e  m o l e c u l e s  o f  a l i q u i d  c r y s t a l  a r e  assumed t o  be r i g i d  
and have  c y l i n d r i c a l  symmetry a b o u t  t h e i r  l o n g  a x e s ,  t h e  o r d e r  
p a r a m e t e r  S i s  g i ven  by 8 = c o s ^ 0 - è > .  The a n g l e  be t ween  t h e
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l o n g  m o l e c u l a r  a x i s  and t h e  d i r e c t o r  i s  and t h e  a n g l e d  b r a c k e t s  
s i g n i f y  an a v e r a g e  o ve r  a l l  t h e  m o l e c u l e s  i n  a m a c r o s c o p i c  
volume.  An a s s u m p t i o n  can be made^^ t h a t  t h e  l o c a l  e l e c t r i c  
f i e l d  i n  t h e  medium i s  i s o t r o p i c ,  even i n  an a n i s o t r o p i c  l i q u i d .  
H a l l e r  e t  a l .  c on c l u d e d  t h a t  t h i s  a s s u m p t i o n  works  b e t t e r  
t h a n  one a l l o w i n g  f o r  an a n i s o t r o p i c  d i s t r i b u t i o n  o f  n e i g h b o u r i n g  
m o l e c u l e s .  In a d d i t i o n  B l i n ov  e t  a l . ,  who measured  t h e  dichro=-. 
i sm of  dye m o l e c u l e s  in  a n e m a t i c  s o l v e n t ,  found  t h a t  t h e i r  
r e s u l t s  were c o n s i s t e n t  w i t h  an i s o t r o p i c  l o c a l  f i e l d .  Th i s  
a s s u m p t i o n  l e a d s  t o  t h e  r e s u l t
■ ) ? T 7
where  n^ = ■^(n^^+2n^^) and d = ^ ( « , , + 2 ^ , ) .  The q u a n t i t i e s  n^ 
and n^ a r e  t h e  e x t r a o r d i n a r y  and o r d i n a r y  r e f r a c t i v e  i n d i c e s  
w h i l e  a„ and a_, a r e  t h e  m o l e c u l a r  p o l a r i s a b i l i t i e s  a l o n g  t h e  
l o n g  m o l e c u l a r  a x i s  and p e r p e n d i c u l a r  t o  i t  r e s p e c t i v e l y .  The 
a s s u m p t i o n  i s  t h e n  made t h a t  i f  a l i q u i d  c r y s t a l  c ou ld  be c o o l e d  
t o  a b s o l u t e  z e r o  w i t h o u t  u n d e r g o i n g  any phas e  t r a n s i t i o n s ,  S 
would become e q u a l  t o  u n i t y .  H a l l e r o b s e r v e d  t h a t  i f  t h e  l o g  
o f  a q u a n t i t y  p r o p o r t i o n a l  t o  S i s  p l o t t e d  a g a i n s t  l o g ( l - T / T ^ ^ ) ,  
where  T i s  a b s o l u t e  t e m p e r a t u r e  and T^^ i s  t h e  W- I^ t r a n s i t i o n  
t e m p e r a t u r e ,  a s t r a i g h t  l i n e  i s  o b t a i n e d  a t  t e m p e r a t u r e s  away 
f rom T ^ j .
S i n c e
( a„- a_l )S _
a S
n -1
a p l o t  o f  l o g  ( n ^ ^ - n ^ ^ ) / ( n ^ - 1 ) a g a i n s t  l o g ( l - T / T ^ ^ )  s h o u l d  g i v e  
a s t r a i g h t  l i n e  (when T i s  n o t  c l o s e  t o  T^^) which when e x t r a ­
p o l a t e d  t o  T = 0 s h o u l d  g i v e  a v a l u e  f o r  ( a „ - a _ , ) / â .  R e f r a c t i v e  
i n d i c e s  were t h u s  measured f o r  m i x t u r e s  FI and Bl ,  u s i n g  t h e  
method d e s c r i b e d  i n  s e c t i o n  2 . 4 . 4 ,  f o r  t e m p e r a t u r e s  be tween 273 
and  298K. The t e m p e r a t u r e  was c o n t r o l l e d  t o  ca .  ±0.2°G by a 
w a t e r / g l y c e r o l  m i x t u r e  which was c i r c u l a t e d  t h r o u g h  t h e  Abbe 
r e f r a c t o m e t e r  b l o c k  j a c k e t  and t h r o u g h  a h e a t  e x c h a n g e r .  The 
measurement s  o b t a i n e d  and r e l e v a n t  p a r a m e t e r s  a r e  g i v e n  i n  t a b l e s  
5 . 6 - 1  (FI  m i x t u r e )  and 5 . 6 - 2  (Bl m i x t u r e ) .  The v a l u e  o f  T^ ^  ^ f o r
FI  i s  335K w h i l e  Bl has  a T^^ o f  342K.
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T a b le  5 . 6 - 1 R e f r a c t i v e  i n d i c e s  a t  d i f f e r e n t  t e m p e r a t u r e s  
f o r  m i x t u r e  F I .
T e m p e r a t u r e ^e ^0 L o g( l - T / T % ; )
( n ^ - i )
273K 1 . 7 6 2 1 . 5 4 0 - 0 . 7 3 3 . - 0 . 3 4 4
278K 1 . 7 5 7 1 . 5 4 0 -CU769 - 0 . 3 5 2
283K 1 . 7 5 2 1 . 5 3 9 - 0 . 8 0 9 - 0 . 3 6 0
288K 1 , 7 4 6 1 . 5 3 9 - 0 . 8 5 3 - 0 . 3 6 9
293K 1 . 7 4 0 1 . 5 3 8 - 0 i 9 0 2 - 0 . 3 8 0
298K 1 . 7 3 4 1 . 5 3 8 - 0 . 9 5 7 - 0 . 3 9 2
T a b le  5. 6 - 2 . ' Re f r a c t i v e  i n d i c e s  a t  d i f f e r e n t  t e m p e r a t u r e s  
f o r  m i x t u r e  Bl .
T e mp e r a t u r e ^e ^0 L o g ( l - T / T% ; ) Bog^ ng ^- n^ Z) /
( n ^ - l )
273K 1 . 7 4 9 1 . 5 2 2 - 0 . 6 9 5 - 0 . 3 2 4
278K 1 . 7 4 4 1 . 5 2 1 - 0 . 7 2 8 - 0 . 3 3 0
283K 1 . 7 3 9 1 . 5 2 0 - 0 . 7 6 3 - 0 . 3 3 7
288K 1 . 7 3 4 1 . 5 1 9 - 0 . 8 0 2 - 0 . 3 4 3
293K 1 . 7 2 8 1 . 5 1 8 - 0 . 8 4 4 - 0 . 3 5 1
298K 1 . 7 2 3 1 . 5 1 8 - 0 . 8 9 1 - 0 . 3 6 0
Graphs o f  l o g ( l - T / T ^ ^ )  a g a i n s t  l o g ( n ^ ^ - n ^ ^  ) / ( n^ -1  ) were 
p l o t t e d  f o r  b o t h  m i x t u r e s  FI and Bl ( f i g s .  5 . 6 - 1  and 5 . 6 - 2 )  
g i v i n g  s t r a i g h t  l i n e s  which were e x t r a p o l a t e d  t o  T=0. Hence 
f o r  m i x t u r e  FI  f rom f i g .  5 . 6 - 1 ,
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n 2
l o g  = - 0 . 1 8 6
n^ -1
a„-a_i
= l o g  — a t  T=0 s i n c e  S=1. 
â
= 0.652
A v a l u e  o f  S f o r  FI was c a l c u l a t e d  a t  a chosen r e d u c e d  
t e m p e r a t u r e  where T^^T/T^^.  Thi s  was in  o r d e r  t o  g i v e  a
d i r e c t  compar i son  w i t h  t h e  v a l u e  of  S f o r  Bl a t  t h e  same 
r e d u c e d  t e m p e r a t u r e .  The r e d u c e d  t e m p e r a t u r e  a r b i t r a r i l y  
chosen  h e r e  i s  T^=0.86,  and f o r  m i x t u r e  FI l o g ( l - T / T ^ ^ )  = - 0 . 8 5 4  
when T^=0.86.  From t h e  g raph  in  f i g .  5 . 6 - 1 ,
l o g  —  = - 0 . 3 7
n ^ - 1
n 2 . n  2
 —  = 0 .427  when l o g  ( l - T / T ^ ^ )  = - 0 . 854 .
n ^ -1
. „ = 0 . 4275 ^ 0 . 427
0.652
= 0 . 65  when T^ = 0 .86
The v a l u e  o f  S a t  T^=0.86 f o r  m i x t u r e  B l ,  o b t a i n e d  i n  
e x a c t l y  t h e  same way u s i n g  t h e  g raph  i n  f i g .  5 . 6 - 2 ,  i s  0 . 7 0 .
These  r e s u l t s  imply t h a t  t h e  b i p h e n y l  m i x t u r e  i s  somewhat  b e t t e r  
o r d e r e d  t h a n  t h e  f l u o r e n e  m i x t u r e  a t  t h e  same r e d u c e d  t e m p e r a t u r e  
Thi s  t e n d s  t o  c o n f i rm  t h e  i d e a  t h a t  t h e  l i n e a r  and s l i g h t l y  l e s s  
b r o a d  b i p h e n y l  m o l e cu l e s  can a l i g n  t h e m s e l v e s  more e f f i c i e n t l y  
i n t o  a n e m a t i c  s t r u c t u r e  t h an  t h e  a n a l o g o u s  f l u o r e n e  m o l e c u l e s .
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F i g .  5 . 6 - 1 . D e t e r m i n a t i o n  o f  o r d e r  ' pa ramet er  f o r  
f l u o r e n e  m i x t u r e  F I .
'—5_i_6_2^ i D e t e r m i n a t i o n  o f  o r d e r  p a r a m e t e r  f o r
b i p h e n y l  m i x t u r e  Bl .
1 83 .
1 8 4 .
5 . 7  E x p e r i m e n t a l .
A l l  t h e  measurements  in  t h i s  c h a p t e r  were made i n  t h e  
l a b o r a t o r i e s  of  B.D.H. Chemica l s  L t d .  who a l s o  s u p p l i e d  t h e  
m a t e r i a l s  E80A, ZLI 1052 and BiCH5. A l l  t r a n s i t i o n  t e m p e r a t u r e s  
v i s c o s i t i e s  and r e f r a c t i v e  i n d ex  measurement s  were o b t a i n e d  as  
d e s c r i b e d  i n  s e c t i o n  2 . 4 . 4 .  The aqueous  p o l y v i n y l a l c o h o l  
(PVA) s o l u t i o n ,  t h e  u se  o f  which was d e s c r i b e d  i n  s e c t i o n  5 . 3 . 2 ,  
was p r e p a r e d  by s h a k i n g  PVA (2g) i n  w a t e r  (800ml ) ,  l e a v i n g  t h e  
m i x t u r e  t o  s t a n d  o v e r n i g h t ,  and d i l u t i n g  t h e  s u p e r n a t a n t  w i t h  
t h r e e  t i mes  i t s  volume o f  w a t e r .
5 . 8  R e f e r e n c e s .
 ^ A. K o f l e r ,  Z .Phys ik .Ohem.  1940,  A187, 363.
L. K o f l e r ,  Ohem.Ztg.  1942,  311.
I . S c h r o d e r ,  Z. P h y s i k .  Ohem. 1893,  11,  44-9.
J . J .  van La a r ,  A r c h . N e e r l  I I  1903,  8» 2 6 4 .
B. E n g e l e n , G. Heppke,  R. Hopf and F. S c h n e i d e r ,  Ann. Phys .
( P a r i s )  1978,  3 ( 2 - 3 - 4 ) ,  403.
B. Enge len  and F. S c h n e i d e r ,  Z . N a t u r f o r s c h . A  1978,  33A(9 ) , 
1077.
B. Eng e le n ,  G. Heppke,  R. Hopf and F. S c h n e i d e r ,  M o l . O r y s t .  
L i q . O r y s t .  1979,  4 9 ( 6 ) . 193.
P.M. A l t  and P.  P l e s h k o ,  IEEE T r a n s . E l e c t r o n  Dev i ces  1974,  
v o l .  ED21, 1 4 6 .
E .P .  Raynes ,  R . J . A .  Tough and K.A. D a v i e s ,  Mol . O r y s t . L i q .
C r y s t .  1 9 7 9 , 5 6 (2 ) , 63 .
H. Schad and M.A. Osman, J . Ohem. Phys .  1981,  _75, 880.
I .  Sage,  M i c r o e l e c t r o n i c s  J .  1981,  1 2 ( l  ) , 30.
^^ M.F. Vuks,  Opt.  and S p e c t r o s c .  1966,  ^O, 3 6 l .
 ^  ^ I .  H a l l e r ,  H.A. Huggins ,  H.R.  L i l i e n t h a l  and T.R.  McGuire,
J . P hy s . Oh em.  1973,  %7, 950.
L.M. B l i n o v ,  V.A. K i z e l ,  V.G. Rumyantsev and V.V. T i t o v ,  
J . P h y s i q u e  Co l lo q .  1975,  3 6 ,  01.




1 8 5 .
^ • A t t emp ted  s y n t h e s e s  o f  h y d r o g e n a t e d  f l u o r e n e  compounds .
6 . 1  I n t r o d u c t i o n
The o v e r r i d i n g  d i s a d v a n t a g e  o f  t h e  f l u o r e n e  m i x t u r e  F I ,  
which was examined as  a p o s s i b l e  m a t e r i a l  f o r  u s e  i n  e l e c t r o ­
o p t i c  d i s p l a y s ,  i s  i t s  h i g h  v i s c o s i t y .  In many compounds,  t h e  
r e p l a c e m e n t  o f  a r o m a t i c  r i n g s  w i t h  a l i c y c l i c  r i n g s  r e s u l t s  i n  a 
r e d u c t i o n  o f  v i s c o s i t y .  T h e r e f o r e  an a t t e m p t  was made t o  
s y n t h e s i s e  some h y d r o g e n a t e d  f l u o r e n e  compounds in  t h e  hope t h a t  
l i q u i d  c r y s t a l  m i x t u r e s  c o u l d  be o b t a i n e d  w i t h  l o w e r  v i s c o s i t i e s .  
However,  as  d e s c r i b e d  below,  t h e  v a r i o u s  s y n t h e s e s  a t t e m p t e d  
were  n o t  s u c c e s s f u l  in  t e r ms  o f  p r o d u c i n g  p u r e  compounds f o r  
f u r t h e r  s t u d y .
6 . 2  A t t e mp t ed  e l e t r o p h i l i c  a d d i t i o n  t o  1 - p h e n y l - l - c y c l o h e x e n e .
A r o u t e  t o  t h e  s u b s t i t u t e d  h e x a h y d r o f l u o r e n e  (X) was d e v i s e d  
as  shown in  scheme 6 . 2 - 1 .  As a t r i a l  e x p e r i m e n t ,  some p he ny l  
magnesium bromide  ( l )  was p r e p a r e d  and r e a c t e d  w i t h  4 - p r o p y l -  
c y c l o h e x a n o n e  t o  c h e c k  t h e  f e a s i b i l i t y  of  c o n v e r t i n g  ( l )  i n t o  
t h e  s u b s t i t u t e d  p h e n y l c y c l o h e x a n o l  ( l l ) .  However,  i n  p r a c t i c e  
t h e  G r i g n a r d  r e a g e n t  ( l )  was c o n v e r t e d  d i r e c t l y  t o  t h e  
p h e n y l c y c l o h e x e n e  ( ( i l l ) ,  R=n-C^Hy) u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  
u s e d .  This  p h e n y l c y c l o h e x e n e  ( ( I I I ) ,  R=n-C^Hy) was o b t a i n e d  i n  
32^ y i e l d ,  b u t  t h i s  c o u l d  p r o b a b l y  be improved by t a k i n g  s t e p s  
t o  e n s u r e  t h a t  any p h e n y l c y c l o h e x a n o l  ( I I ) i n  t h e  r e a c t i o n  
m i x t u r e  i s  d e h y d r a t e d  ( e . g .  by d i s t i l l a t i o n  o v e r  a nhyd rou s  o x a l i c  
a c i d ^ ) .  The i n t e n t i o n  was t o  add 9 - b o r a b i c y c l o n o n a n e  (9-BBN(IV))  
a c r o s s  t h e  c y c l oh ex en e  d oub le  bond o f  ( I I I )  and r e a c t  t h e  p h e n y l -  
c y c l o h e x y l b o r a n e  (V) w i t h  c a r b o n  monoxide in  t h e  p r e s e n c e  o f  
l i t h i u m  t r i m e t h o x y a l u m i n o h y d r i d e  t o  g i v e  t h e  i n t e r m e d i a t e  ( V I ) 
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The a ld e h y d e  co u l d  t he n  have been o x i d i s e d  t o  a c i d  and 
r i n g  c l o s e d  t o  g i v e  t h e  h e x a h y d r o f l u o r e n o n e  ( V I I I )  which s h o u l d  
y i e l d  t h e  r e q u i r e d  a l k y l c y a n o h e x a h y d r o f l u o r e n e  (X) on s u c c e s s i v e  
r e d u c t i o n ,  b r o m i n a t i o n  and c y a n a t i o n .
I t  i s  r e p o r t e d ^  t h a t  c y c l o he xe ne  can be c o n v e r t e d  i n t o  
c y c l o h e x a n e  c a r b o x a l d e h y d e  by t h e  h y d r o b o r a t i o n / c a r b o n  monoxide 
r e a c t i o n  e n v i s a g e d  f o r  t h e  c o n v e r s i o n  of  p h e n y l c y c l o h e x e n e  ( i l l )  
i n t o  p h e n y l c y c l o h e x a n e  c a r b o x a l d e h y d e  ( V I l ) .  However,  e x p e r i m e n t s  
w i t h  1 - p h e n y l - l - c y c I o h e x e n e  ( ( i l l ) ,  R=H) d e m o n s t r a t e d  t h a t  9-BBN 
( I V ) i s  u n r e a c t i v e  t owa r ds  t h e  c yc lo h e x e n e  d ou b l e  bond o f  ( i l l ) ,  
and t h e r e  was no e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  any a d d i t i o n  
p r o d u c t  ( (V) jR=H) .
Scheme 6 . 2 - 2  was d e v i s e d  as  an a l t e r n a t i v e  r o u t e  t o  t h e  
h e x a h y d r o f l u o r e n o n e  ( V I I I ) ,  and i t  commences w i t h  an a n t i -  
Markownikof f  a d d i t i o n  of  hydrogen  bromide  t o  t h e  p h e n y l c y c l o ­
h e xe ne  ( i l l )  do ub l e  bond.  S ubse quen t  e l a t i o n  o f  t h e  p h e n y l -  
c y c l o h e x y l  bromide  (Xl)  f o l l o w e d  by h y d r o l y s i s  and r i n g  c l o s u r e  
s h o u l d  t h e n  y i e l d  t h e  r e q u i r e d  h e x a h y d r o f l u o r e n o n e  ( V I I l ) .  
A n t i - M a r k o w n i k o f f  a d d i t i o n  of  hydrogen  bromide  t o  1 - m e t h y l -  
c y c l o h e x e n e  has  been r e p o r t e d , a n d  i t  i s  a l s o  p o s s i b l e  t o  
o b t a i n  a n t i - M a r k o w n i k o f f  a d d i t i o n  p r o d u c t s  f rom t h e  r e a c t i o n  
o f  s t y r e n e  w i t h  hydrogen bromide d e s p i t e  t h e  h i g h  t e n d e n c y  o f  
t h i s  p h e n y l a l k e n e  t o  und er go  i o n i c  a d d i t i o n .  In t h e  p r e s e n c e  
o f  p e r o x i d e s  and by wor king  i n  d i l u t e  p e n t a n e  s o l u t i o n ,  p r o d u c t s  
may be i s o l a t e d  which c o n t a i n  as  much as  80^ p - p h e n y l  e t h y l b r o m i d e  
f rom r e a c t i o n  o f  s t y r e n e  w i t h  hydrogen  b r o m i d e . ^  However,  t h e  
a t t e m p t e d  a n t i - M a r k o w n i k o f f  a d d i t i o n  o f  h ydr og en  bromide  a c r o s s  
t h e  p he ny l  c yc lo h ex en e  ( ( I I I ) ,  R=H) d o ub l e  bond f a i l e d  t o  g i v e  
any s e p a r a b l e  p r o d u c t .  The dou bl e  bond i s  a p p a r e n t l y  r e s i s t a n t  
t o  f r e e  r a d i c a l  a d d i t i o n  s i n c e  t h e r e  was a lways  s t a r t i n g  m a t e r i a l  
p r e s e n t  a t  t h e  end o f  t h e  e x p e r i m e n t s  i n  a d d i t i o n  t o  s e v e r a l  
o t h e r  i n s e p a r a b l e  components .  Mandai e t . a l . ®  have r e p o r t e d  t h a t  
t h e  a d d i t i o n  o f  mono i sop in ocamph en yl bo ran e  ( X I l )  t o  1 - p h e n y l - l -  
c y c l o h e x e n e  ( ( I I I ) ,  R=H) i s  much s l o w e r  t h a n  t h e  a n a l o g o u s  
a d d i t i o n  t o  1 - p h e n y l - l - c y c l o p e n t e n e  which s u g g e s t s  t h a t  t h e  
d o u b l e  bond o f  ( I I I )  i s  p a r t i c u l a r l y  r e s i s t a n t  t o  t h i s  t y p e  o f  
e l e c t r o p h i l i c  a d d i t i o n .  At tempt s  t o  o b t a i n  h y d r o g e n a t e d  f l u o r e n e s  
f rom r o u t e s  b as ed  on schemes 6 . 2 - 1  and 6 . 2 - 2  were t h u s  abandoned  
a s  i m p r a c t i c a b l e .
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6 . 3  At t empt ed  r e d u c t i o n  o f  7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d .
A more d i r e c t  r o u t e  t o  s u b s t i t u t e d  h y d r o g e n a t e d  f l u o r e n e  
compounds was d e v i s e d  (scheme 6 . 3 - 1 )  commencing w i t h  t h e  
r e d u c t i o n  o f  t h e  a c i d  ( X I I l )  u s i n g  sodium i n  i s o - a m y l  a l c o h o l .  
E s t é r i f i c a t i o n  o f  t h e  r e d u c e d  a c i d  (XIV) would t h e n  y i e l d  
h y d r o g e n a t e d  a n a l o g u e s  (XV) of  t h e  mesogenic  e s t e r s  d e s c r i b e d  
in  c h a p t e r  4-*
A s o d i u m / i s o - a m y l a l c o h o l  r e d u c t i o n  on t h e  b i p h e n y l c a r b o x y l i c  
a c i d  (XVI) has  been r e p o r t e d ^  to  r e d u c e  o n l y  t h e  c a r b o x y l i c  a c i d  
s u b s t i t u t e d  r i n g  t o  g i v e  (XVI l ) :
COoH
( X V I )
Na in
(XVII)
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The f l u o r e n e  c a r b o x y l i c  a c i d  ( X I I l )  was o b t a i n e d  by t h e  
r o u t e  o u t l i n e d  in s e c t i o n  4..1 (scheme 4-«l-3)  and t r e a t e d  w i t h  
sodium i n  i s o - a m y l  a l c o h o l  g i v i n g  a s m a l l  amount  o f  s o l i d  ( ca .
5% y i e l d )  w i t h  a m e l t i n g  p o i n t  o f  126-130°G.  Th i s  gave no 
l i q u i d  c r y s t a l  p has e  on s u p e r c o o l i n g  t o  25°C and t h i s  was i n i t i a l l y  
t h o u g h t  t o  be a c ons equence  o f  t h e  r e d u c t i o n  g i v i n g  a c i s - 
c o n f i g u r a t i o n  of  t h e  r i n g  j u n c t i o n  hydr ogen  a t o ms .  However,  
t h e  s p e c t r a l  and a n a l y t i c a l  e v i d e n c e  o b t a i n e d  i m p l i e s  a more 
c o m p l i c a t e d  s i t u a t i o n ,  and t h e  s u b s t a n c e  a l m o s t  c e r t a i n l y  
c o n t a i n s  more th an  one component  a l t h o u g h  t h i n  l a y e r  c h r o m a t o ­
g r a p h y  f a i l e d  t o  r e s o l v e  t h e  c o n s t i t u e n t s .  P r o t o n  and 
n u c l e a r  m ag n e t i c  r e s o n a n c e  ( n . m . r . )  s p e c t r a  i n d i c a t e  t h a t  some 
r e d u c t i o n  o f  t h e  f l u o r e n e  n u c l e u s  h as  been a c h i e v e d ;  t h e  p a t t e r n  
o f  p eaks  i n  t h e  a r o m a t i c  r e g i o n  o f  t h e  p r o t o n  n . m . r .  s p e c t r u m  i s  
q u i t e  d i f f e r e n t  f o r  t h e  p r o d u c t  when compared w i t h  t h e  s t a r t i n g  
m a t e r i a l  ( X I I l ) ,  and t h e  c a r b o x y l  p r o t o n  p eak  has  been s h i f t e d  
c a .  X ppm d o w n f i e l d .  In t h e  n . m . r .  s p e c t r u m ,  t h e  c a r b o n y l
ca r bo n  p eak  has  been s h i f t e d  ca.  15 ppm d o w n f i e l d  f o r  t h e  p r o d u c t ,  
and t h e  i n f r a - r e d  c a r b o x y l  c a r b o n y l  f r e q u e n c y  has  been s h i f t e d  
f rom 1680 cm'^ f o r  t h e  a c i d  ( X I I I )  t o  1700 cm”^ f o r  t h e  p r o d u c t .  
Th i s  e v i d e n c e  s u g g e s t s  t h a t  t h e  c a r b o x y l  g roup  o f  t h e  p r o d u c t  
i s  bonded t o  a s a t u r a t e d  r a t h e r  t han  an a r o m a t i c  ca r bo n  a tom.  
However,  t h e  mass s p e c t r u m  of  t h e  p r o d u c t  has  a s e r i e s  o f  l i n e s  
up t o  ca .  X25 mass u n i t s  which i s  too  heavy  f o r  any p r o d u c t  
a r i s i n g  f rom s imp l e  r e d u c t i o n  of  t h e  a c i d  ( X I I l ) .  A l s o ,  e l e m e n t a l  
a n a l y s i s  i s  in r e a s o n a b l e  a g r ee me n t  ( ± 0 .3 # )  w i t h  t h e  m o l e c u l a r
f o r m u l a e  ^29^X0^2 ^29^X2^2 c o r r e s p o n d  t o  t h e  a d d i t i o n
o f  two p e n t y l  g r oups  t o  t h e  f l u o r e n e  n u c l e u s .  The f o r m u l a  
^29^X2^2 w^uld  r e s u l t  f rom t h e  a d d i t i o n  o f  two hydrogen  atoms 
t o  a t r i - p e n t y l  s u b s t i t u t e d  f l u o r e n e  co r e  w h i l e  *^29^X0*^2 
c o r r e s p o n d s  t o  an e n t i r e l y  a r o m a t i c  f l u o r e n e  c o r e .  The p r o t o n  
n . m . r .  s p e c t ru m  i n t e g r a t e s  a p p r o x i m a t e l y  f o r  two e x t r a  p e n t y l  
g r o u p s  i n  t h e  m o l e c u l e ,  and t h e  ^ n . m . r .  s p e c t r u m  has  enough 
l i n e s  in  t h e  a l i p h a t i c  r e g i o n  t o  a c c o u n t  f o r  such  a s t r u c t u r e .  
However,  t h e  a r o m a t i c  r e g i o n  of  t h e  ^ s p e c t r u m  has  c a .  15 l i n e s  
which  can o n l y  be e x p l a i n e d  i n  t e r ms  o f  a m i x t u r e  o f  components  
i n  t h e  p r o d u c t .  The s u b s t i t u t i o n  p o s i t i o n  o f  any e x t r a  p e n t y l  
g r o up s  in  t h e  mo le cu l e  i s  unknown; p r e s u m a b l y  t h e y  o r i g i n a t e  
f rom t h e  s o l v e n t  ( i s o - a m y l  a l c o h o l )  o f  t h e  r e a c t i o n ,  b u t  t h e  
mechanism f o r  t h e i r  i n c o r p o r a t i o n  i n t o  t h e  p r o d u c t  i s  o b s c u r e .
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6 . X A t tem pted  h y d r o g e n a t i o n  o f  7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d .
The p e n t y l f l u o r e n e c a r b o x y l i c  a c i d  ( X I I l )  was s u b j e c t e d  to  
h y d r o g e n a t i o n  a t  a t m o s p h e r i c  p r e s s u r e  o v e r  p l a t i n u m  i n  g l a c i a l  
a c e t i c  a c i d  a t  ca .  70°C g i v i n g  a w h i t e  s o l i d  ( ca .  20# y i e l d ) .
T h i s  had a wide m e l t i n g  p o i n t  r a nge  (122-157*^0) and s u p e r c o o l i n g  
o f  t h e  me l t  t o  30°G pr od uced  no mesophase .  The p r o d u c t  i s  a 
m i x t u r e  w i t h  s e v e r a l  component s ,  b u t  s i n c e  no mesophase  was 
o b s e r v e d  f u r t h e r  p u r i f i c a t i o n  of  t h e  m i x t u r e  was n o t  a t t e m p t e d .
The i . r .  s p e c t ru m  of  t h e  p r o d u c t  i n c l u d e s  bands  a t  2650cm”^ and 
l690cm ^ which c o n f i r m t h e  p r e s e n c e  o f  t h e  c a r b o x y l  g r oup  i n  t h e  
m a t e r i a l .  The mass s p e c t ru m  has  t h e  m o l e c u l a r  i on  p e ak  a t  286 
mass u n i t s  which i s  c o n s i s t e n t  w i t h  a h e x a h y d r o f l u o r e n e  n u c l e u s .
The r i n g  j u n c t i o n  hydrogen atoms p r e su ma bl y  have a _cj^-con f i g u r a ­
t i o n  whi ch  g i v e s  a p r onounced  bend t o  t h e  shape  o f  t h e  h y d r o g e n a t e d  
f l u o r e n e  n u c l e u s  t h u s  g r e a t l y  d i m i n i s h i n g  t h e  l i k e l i h o o d  o f  
l i q u i d  c r y s t a l  p h a s e s .  S ince  h y d r o g e n a t i o n  t a k e s  p l a c e  on a 
c a t a l y s t  s u r f a c e ,  a c i s - c o n f i g u r a t i o n  o f  t h e  r i n g  j u n c t i o n  
h y dr og en  atoms was known t o  be p r o b a b l e  and any h y d r o g e n a t i o n  on 
a c a t a l y s t  s u r f a c e  i s  l i k e l y  t o  pose  t h e  same p r o b l e m.  The 
p r e s e n c e  o f  a number  o f  components  in t h e  p r o d u c t  i s  p r o b a b l y  
a co ns eq ue nc e  o f  v a r i o u s  i so mer s  o f  t h e  h e x a h y d r o f l u o r e n e  b e i n g  
p r o d u c e d  s i n c e  t h e  mass s p e c t ru m  has  no peaks  c o r r e s p o n d i n g  t o  
d i h y d r o  o r  t e t r a h y d r o  f l u o r e n e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
c i s - h e x a h y d r o f l u o r e n e  i s  a known compound,  b u t  t h e  t r a n s - i s o m e r  
i s  p o o r l y  c h a r a c t e r i s e d  and p r o b a b l y  known o n l y  as  a m i x t u r e  
w i t h  t h e  c i s - f o r m . ^
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 ^ H.G. Brown, E.F.  K ni gh t s  and R.A.  Goleman,  J . Am.Ghem.Soc.
1969, 91y 21XX.
 ^ F.W. S t a c e y  and J . F .  H a r r i s ,  O r g . R e a c t .  1963,  1 3 ,  157 .
 ^ H.L.  Go er i ng ,  P . I .  A be l l  and B.F.  Aycock,  J .Am.Ghem.Soc.
1952, 7^, 3588.
 ^ G. W a l l i n g ,  M.S. Kharasch  and F.R.  Mayo, J . Am.Ghem.Soc.
1939, 61  ^ 2693.
 ^ A.K. Mandai ,  P.K.  J a d h a v  and H.G. Brown, J .Or g . Ghem.  1980,
A5, 35X3.
 ^ J . Ranedo and A. Leon,  A n a l . F i s . Quim. 1925,  &3, 113.
® D i c t i o n a r y  of  Or gan i c  Gompounds, f i f t h  e d i t i o n  1982,  Chapman
and H a l l ,  v o l . 3, p . 2912.
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7. E x p e r i m e n t a l .
7 . 1  2 - A l k a n o y l f l u o r e n e s .
F l u o r e n e  (50g,  0 , 3mol )  was d i s s o l ve d ,  i n  a n a l a r  d i c h l o r o -  
methane (300ml)  and t h e  s o l u t i o n  f i l t e r e d  (when n e c e s s a r y )  t o  
remove a s m a l l  i n s o l u b l e  r e s i d u e .  To t h i s  s o l u t i o n  was added 
p e n t a n o y l  c h l o r i d e  (39ml,  0 . 33 mol ) ,  and t h e  m i x t u r e  was p l a c e d  
i n  a d r o p p i n g  f u n n e l  p r o t e c t e d  by a c a l c i u m  c h l o r i d e  t u b e .
Aluminium c h l o r i d e  (XXg, 0 .33 mol) was p l a c e d  i n  a 2 L 3 - n e c k e d  
f l a s k  f i t t e d  w i t h  doub le  s u r f a c e  r e f l u x  c o n d e n s e r  ( p r o t e c t e d  by 
c a l c i u m  c h l o r i d e  t u b e ) ,  m e ch an i c a l  s t i r r e r  and t h e  d r o p p i n g  
f u n n e l  c o n t a i n i n g  t h e  f l u o r e n e / p e n t a n o y l  c h l o r i d e / d i c h l o r o -  
methane m i x t u r e .  The a luminium c h l o r i d e  was i m m e d i a t e l y  c o v e r e d  
w i t h  d i c h l o r o m e t h a n e  (200 ml) and t h i s  s t i r r e d  w h i l e  t h e  f l u o r e n e /  
p e n t a n o y l  c h l o r i d e / d i c h l o r o m e t h a n e  m i x t u r e  was run  i n  g i v i n g  a 
deep g r e e n  c o l o u r .  The m i x t u r e  was t h e n  s t i r r e d  a t  room t emp­
e r a t u r e  f o r  2 -3  h o u r s  ( c o p i o u s  fumes e v o l v e d  a t  f i r s t )  t h en  
h e a t e d  u n d e r  r e f l u x  f o r  ca .  1 . 5  h o u r s  ( o r  u n t i l  no f u r t h e r  fumes 
were  e v o l v e d ) .  When c o o l ,  t h e  m i x t u r e  was pou r ed  i n t o  i c e / w a t e r  
( c a .  500ml)  c o n t a i n i n g  conc .  h y d r o c h l o r i c  a c i d  (15 ml ) .  The 
r e s u l t i n g  m i x t u r e  was s t i r r e d  b r i e f l y  and t h e  o r g a n i c  l a y e r  was 
s e p a r a t e d ,  washed w i t h  5# sodium h y d r o x i d e  s o l u t i o n  f o l l o w e d  by 
w a t e r  and d r i e d  o ve r  an hy dr ou s  sodium s u l p h a t e .  E v a p o r a t i o n  o f  
t h e  f i l t e r e d  s o l u t i o n  y i e l d e d  a y e l l o w  s o l i d  which was d i s s o l v e d  
in  a 5 î 2  m i x t u r e  of  b e n z e n e / d i c h l o r o m e t h a n e  and c h r o m a t o g r a p h e d  
on s i l i c a  g e l  w i t h  benzene  as  e l u a n t .  2 - P e n t a n o y l f l u o r e n e  
(56g,  7 5 % ) ,  ffl.p. 1 09 - 110 ^0 ,  was o b t a i n e d  a f t e r  a s m a l l ,  h i g h l y  
c o l o u r e d  f a s t  r u n n i n g  f r a c t i o n  had been c l e a r e d  f rom t h e  column.  
P r o t o n  n . m . r .  ( 90MHz;CDC1^) f o r  t h e  p r o d u c t  gave a complex 
m u l t i p l e t  (7H) a t  6 8 . 1  t o  7 . 2  ( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  (2H) 
a t  6 3 . 9  ( me thy l en e  b r i d g e ) ,  a t r i p l e t  (2H) a t  ô 3 .0  ( -COCH^-),  
a complex m u l t i p l e t  (XH) a t  5 1 . 8  t o  1 . 2  ( COCH2 CH2CH2 ) and a 
t r i p l e t  (3H) a t  5 1 . 0  ppm (-GH^).
The p r o c e d u r e  f o r  p r e p a r i n g  t h e  o t h e r  2 - a l k a n o y l f l u o r e n e s  was 
s i m i l a r ,  b u t  i t  was found  t o  be p o s s i b l e  t o  p u r i f y  some o f  t h e s e  
by c r y s t a l l i s a t i o n  which was more c o n v e n i e n t  a l t h o u g h  l o w e r  y i e l d s  
were o b t a in e d .  P r o t o n  n . m . r .  s p e c t r a  o f  t h e s e  homologous  
compounds gave r e s u l t s  analogous t o  t h o s e  quoted f o r  2 - p e n t a n o y l  
f l u o r e n e .  The e l e m e n t a l  a n a l y s i s  f i g u r e s  and methods o f  p u r i f y i n g  
t h e  2 - a l k a n o y l f l u o r e n e s  a r e  g i ven  i n  t a b l e  7 . 1 - 1 .
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T a b le  7 . 1 - 1 Methods of  p u r i f i c a t i o n  and e l e m e n t a l  a n a l y s i s  
of  2 - a l k a n o y l f l u o r e n e s .
2 - A l k a n o y l  f l u o r e n e  
( f o r m u l a )
P u r i f i c a t i o n  |
1
E l e m e n t a l  a n a l y s i s :  f o un d  I 
{ %}
( r e q u i r e d )
A c e t y l ^ Chromatography : 
CHCl^ on s i l i c a  
t hen  c r y s t .  
(ACOH) i f  
n e c e s s a r y
C H




benzene  on 
s i l i c a
85 . 8
( 8 6 . 3 5 )
7 . 2




C r y s t . ( a c e t o n e ) 8 5 . 9
( 8 6 . 3 )
7 . 6
( 7 . 6 )




benzene  on 
s i l c a  t hen  
c r y s t . ( a c e t o n e )
86 .2
( 8 6 . 3 )
8 . 0
( 8 . 0 )
Oc t a n oy l  
m.p.  99-100°C
C r y s t . ( a c e t o n e ) 86 . 1
( 8 6 . 3 )
8 . 3
( 8 . 3 )
^ 2 - A c e t y l f l u o r e n e , m.p.  130-132^0 ( l i t . ^  m.p.  12 8 - 1 29 °C ) ,  
i s  a known compound.
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7 .2  2 - A l k y l f l u o r e n e s .
2 - H e p t a n o y l f l u o r e n e  (60g,  0 . 22mol )  was s u s p en de d  in  
d i e t h y l e n e  g l y c o l  (700ml)  and t h e  m i x t u r e  s t i r r e d  m e c h a n i c a l l y  
and h e a t e d  (100-110 C) u n t i l  an a l m o s t  c l e a r  s o l u t i o n  was 
o b t a i n e d .  P o t a s s i u m  h y d r o x i d e  ( 2 8 g , 0 . 5 m o l )  was added  and 
s t i r r i n g  c o n t i n u e d  u n t i l  t h e  p e l l e t s  had d i s s o l v e d .  The m i x t u r e  
was a l l o w e d  t o  coo l  t o  ca .  95°C, and h y d r a z i n e  h y d r a t e  (22ml ,  
O.XXniol) was added .  The t e m p e r a t u r e  was m a i n t a i n e d  a t  100-110°C 
f o r  20 m i nu t es  t h e n  r a i s e d  t o  r e f l u x  ( c a .  l 6 5 ° C )  f o r  one h o u r .
The t e m p e r a t u r e  was f u r t h e r  r a i s e d  t o  180-190°C by d i s t i l l i n g  o f f  
a l i t t l e  l i q u i d ,  and m a i n t a i n e d  t h u s  f o r  t h r e e  h o u r s .  When c o o l ,  
t h e  p r o d u c t  was mixed w i t h  w a t e r  (500ml)  and e x t r a c t e d  w i t h  e t h e r  
( 2x300ml ) ,  The e t h e r e a l  e x t r a c t s  were washed w i t h  w a t e r ,  t h e n  
d r i e d  o v e r  anhy dr ou s  sodium s u l p h a t e  and e v a p o r a t e d  g i v i n g  a 
y e l l o w - o r a n g e  s o l i d .  Thi s  was d i s s o l v e d  i n  l i g h t  p e t r o l e u m  
( b . p .  60- 80°G) ,  f i l t e r e d  t o  remove an i n s o l u b l e  r e s i d u e ,  and 
c h r o m a t o g r a p h e d  on s i l i c a  g e l  w i t h  l i g h t  p e t r o l e u m  ( b . p .  60-80°C)  
as  e l u a n t  g i v i n g  2 - h e p t y l f l u o r e n e  (X9g, 8X#),  m.p.  58-60°C.
Al l  o f  t h e  2 - a l k y l f l u o r e n e s  were p r e p a r e d  by t h i s  method,  and 
t h e  e l e m e n t a l  a n a l y s i s  f i g u r e s  f o r  t h e  compounds a r e  g i v e n  in  
t a b l e  7 . 2 - 1
Ta ble  7 . 2 - 1  E l e m e n t a l  a n a l y s i s  o f  2 - a l k y l f l u o r e n e s .
2 - A l k y l f l u o r e n e  
( f o r m u l a )
E l emen ta l  a n a l y s i s  : found  { %)
( r e q u i r e d )
0 H
P e n t y l ,  m.p.  6 l -63 °C 90.7 8 . 5
(Gl8%20) ( 9 1 . X5) ( 8 . 5 )
He xy l ,  m.p.  6X-65°C 91.3 8 . 9
( 91 . 1 5 ) ( 8 . 8 5 )
H e p t y l ,  m.p.  58-60°C 91.1 9.3
(C20H2 4 ) ( 90 . 9 ) ( 9 . 1 5 )
O c t y l ,  m.p.  6X-66°C 91.0 9 . x
(^21826) ( 9 0 . 6 ) ( 9 . x )
F o o t n o t e :  2 - e t h y l f l u o r e n e ,  m.p.  98-100 C ( l i t . ^  9 9 . 5 - 1 0 0 . 5 ^ 0  ),
i s  a known compound.
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7 . 3  2 - A l k y l - 7 - b r o m o f l u o r e n e s .
2 - E t h y l f l u o r e n e  (X9.3g ,  0,25Xmol)  was d i s s o l v e d  i n  c h l o r o ­
form (XOOml) g i v i n g  an amber s o l u t i o n .  The f l a s k  was f i t t e d  
w i t h  a r e f l u x  c on d e n s e r  (arid ca l c iu m c h l o r i d e  d r y i n g  t u b e )  and 
d r o p p i n g  f u n n e l  t h r o u g h  which bromine  ( 1 2 . 5ml,  95# o f  one e q u i ­
v a l e n t )  was added d ro p wi se  t o  t h e  s t i r r e d  s o l u t i o n .  The m i x t u r e  
was s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 h o u r s ,  and was t h e n  p r o ­
t e c t e d  f rom l i g h t  and h e a t e d  u n d e r  r e f l u x  f o r  2 h o u r s  t o  g i v e  a 
s t r a w - c o l o u r e d  s o l u t i o n .  This  was washed w i t h  s a t u r a t e d  sodium 
b i c a r b o n a t e  s o l u t i o n  f o l l o w e d  by w a t e r  and d r i e d  o v e r  a n h yd r ou s  
sodium s u l p h a t e .  E v a p o r a t i o n  f o l l o w e d  by c r y s t a l l i s a t i o n  f rom 
e t h a n o l  gave 2 - b r o m o - 7 - e t h y l f l u o r e n e  ( 3 2 . 2g ,  # 6 #) ,  m.p.  139-1X0°C 
P r o t o n  n . m . r .  (90MHz; GDCl^) f o r  t h e  p r o d u c t  gave a complex 
m u l t i p l e t  (6H) a t  67.7  t o  7 . 2 ,  a s i n g l e t  (2H) a t  6 3 . 8 5 ,  a 
q u a r t e t  (2H) a t  62.7  ( e t h y l  -GH^-) and a t r i p l e t  (3H) a t  61.3ppm 
( -CH^) ,  The mass s p e c t r u m  gave t h e  m o l e c u l a r  ion  d o u b l e t  a t  
m/z 272 and 27X which co n f i rme d  t h e  p r e s e n c e  of  b r omi ne .
A l l  o f  t h e  2 - a l k y l - 7 - b r o m o f l u o r e n e s  were  p r e p a r e d  by t h i s  
method and t h e i r  e l e m e n t a l  a n a l y s i s  r e s u l t s  a r e  g i v e n  i n  t a b l e  
7 . 3 - 1 .
T a b l e  7 . 3 - 1 . E l e m e n t a l  a n a l y s i s  o f  2 - a l k y l - 7 - b r o m o f l u o r e n e s .
2 - A l k y l - 7 - b r o m o -  
f l u o r e n e ( f o r m u l a )
E l em en t a l  a n a l y s i s  : f ound  #
( r e q u i r e d )
C H
E t h y l ,  m.p.  139-1X0°G 66 . 5 X.6
( Ci ^Hi ^Br ) ( 65 . 9 5 ) (X.8)
P e n t y l ,  m.p.  95-96°C 6 8 . 9 6 . 1
(^18^ 198^) ( 6 8 . 6 ) ( 6 . 1 )
Hexyl ,  m.p.  90-92°C 6 9 .6 6. X
(^19^ 2 1 ^^) ( 6 9 . 3 ) ( 6 . x )
H e p t y l ,  m.p.  87-89°C 7 0 . x 6 . 8
(G2oH23Br) ( 7 0 . 0 ) ( 6 . 7 5 )
O c t y l  m.p.  83-85°0 71 . x 7 . 2
(CziHz^Br) ( 7 0 . 6 ) ( 7 . 0 5 )
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7•  X 2 - A l k y l - 7 - cyanof l u o r e n e s .
Cuprous c yan ide  ( 2 . 6 g ,  1 . 5  e q u i v a l e n t s )  was p l a c e d  i n  a 
250ml f l a s k  f i t t e d  f o r  d i s t i l l a t i o n ,  and N - m e t h y l - 2 - p y r r o l i d o n e  
( c a .  80ml) was added .  The s u s p e n s i o n  was s t i r r e d  and h e a t e d  on 
a r o t a m a n t l e ,  and a s l i g h t  w a t e r  pump vacuum a p p l i e d  t o  d i s t i l  
a s m a l l  amount  of  s o l v e n t  and remove any w a t e r  p r e s e n t .  The 
m i x t u r e  was a l l o w e d  t o  c o o l  somewhat ,  and 2 - b r o m o - 7 - p e n t y l -  
f l u o r e n e  (6g,  0.019mol  = one e q u i v a l e n t )  was i n t r o d u c e d  and t h e  
m i x t u r e  h e a t e d  u nd e r  r e f l u x  f o r  ove r  2 . 5  h o u r s .  The r e s u l t i n g  
brown m i x t u r e  was a l l o w e d  t o  coo l  somewhat  and was p o u r e d  i n t o  
a m i x t u r e  o f  anhydr ous  f e r r i c  c h l o r i d e  (X.6g ,  1 . 5  e q u i v a l e n t s ) ,  
w a t e r  (50ml)  and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 2 . 5 m l ) .  Th i s  
d a r k  m i x t u r e  was s t i r r e d  and t h e  t e m p e r a t u r e  m a i n t a i n e d  be t ween  
60 and 70°C f o r  20 m i n u t e s ;  i t  was t h e n  a l l o w e d  t o  c o o l ,  and 
was e x t r a c t e d  w i t h  p l e n t y  o f  l i g h t  p e t r o l e u m  ( b . p .  X0-60°C) .
The o r g a n i c  l a y e r  was s e p a r a t e d  and washed w i t h  5M HCl(aq)  
f o l l o w e d  by w a t e r ,  10# NaOH(aq) and w a t e r  a g a i n .  The o r g a n i c  
e x t r a c t s  were d r i e d  o v e r  anhydr ous  sodium s u l p h a t e  and f i l t e r e d  
g i v i n g  a r e d  s o l u t i o n  which y i e l d e d  c r y s t a l s  on s t a n d i n g .  These 
were r e c r y s t a l l i s e d  f rom l i g h t  p e t r o l e u m  ( b . p .  X0-60°C) g i v i n g  
2 - c y a n o - 7 - p e n t y l f l u o r e n e  ( l . 2 g ,  2X#),  m.p.  66-67°C;  ^ ^ a x  
2250cm”^ (m,CEN).
A l l  t h e  a l k y l c y a n o f l u o r e n e s  were p r e p a r e d  i n  t h e  same manner ,  
and t h e i r  e l e m e n t a l  a n a l y s i s  r e s u l t s  a r e  g i v e n  i n  t a b l e  7 . X - 1 .
The (N+l)  t r a n s i t i o n  t e m p e r a t u r e s  were d e t e r m i n e d  w i t h  a K o f l e r  
b l o c k  mounted on a Kyowa SDZ-PL p o l a r i s i n g  m i c r o s c o p e .  M i x t u r e s  
o f  t h e  a l k y l c y a n o  f l u o r e n e s  w i t h  E7 and K15 ( s e e  s e c t i o n  2 . X * l )  
were  h e a t e d  g e n t l y  on a w a t e r  b a t h  ( ca .  60°C) t o  g i v e  i s o t r o p i c  
m e l t s  which were a g i t a t e d  to  e n s u r e  t h o r o u g h  m i x in g .  t emp ­
e r a t u r e s  were t hen  o b t a i n e d  and u s e d  t o  c a l c u l a t e  t h e  v i r t u a l  
(M+l) v a l u e s  of  t h e  a l k y l c y a n o f l u o r e n e s .
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T a b le  7 . ^ - 1 . E le m e n ta l  a n a l y s e s  o f  2 - a l k y l - 7 - c y a n o f l u o r e n e s
2 - A l k y l - 7 - c y a n o  
f l u o r e n e  ( f o r m u l a )
E l e m e n t a l  a n a l y s i s  : found  (#)  
( r e q u i r e d )
C H N
P e n t y l 8 6 . 9 7 . 3 5 . 0
(Ci 9%9N) ( 8 7 . 3 ) ( 7 . 3 ) ( 5 . 4 )
Hexyl 87 .8 7 . 7 5 . 2
(C20H21N) ( 8 7 . 2 ) ( 7 . 7 ) ( 5 . 1 )
H e p t y l 87 . 0 8 .0 4..8
(C21H23N) ( 8 7 . 1 5 ) ( 8 . 0 ) ( 4 . 8 )
O c t y l 86 .5 8 . 3 4 . 7
(C22H25N) ( 8 7 . 1 ) ( 8 . 3 ) ( 4 . 6 )
7 . 5 . 2 - A c e t y l - 7 - p e n t y l f l u o r e n e .
2 - A c e t y l - 7 - p e n t y l f l u o r e n e  was p r e p a r e d  f rom 2 - p e n t y l f l u o r e n e  
(4-4-.3g,  O. lSSmol)  and a c e t y l  c h l o r i d e  (15ml,  0 . 207mol )  u s i n g  
t h e  method g i v e n  i n  s e c t i o n  7 . 1 .  The p r o d u c t  (36g,  6 9 #) ,  m.p.  
92-93°C (Found:  0 , 8 5 . 8 ;  H , 8 . 0 .  r e q u i r e s  0 , 8 6 . 3 ;  H,
8 . 0 # ) ,  was o b t a i n e d  a f t e r  c r y s t a l l i s a t i o n  f rom e t h a n o l  and had 
l6 70cm”^ ( s ,  0=0 ).max
7 . 6  2 -Hydroxy- 7 - p e n t y l f l u o r e n e .
A 1^ f l a s k  was p r o t e c t e d  f rom l i g h t  and t o  i t  was added  a 
s o l u t i o n  o f  2 - a c e t y l - 7 - p e n t y l f l u o r e n e  (3&g, 0 . 129mol )  i n  c h l o r o ­
form ( 600ml ) ,  The s o l u t i o n  was s t i r r e d  and c o o l e d  in  a 
m e t h a n o l / i c e  b a t h  and m - c h l o r o p e r o x y b e n z o i c  a c i d  (28g o f  80# a c i d ,  
0 .13mol )  was added i n  p o r t i o n s ,  t h e  t e m p e r a t u r e  b e i n g  m a i n t a i n e d  
a t  ca .  0°0 .  The m i x t u r e  was a l l o w e d  t o  warm t o  a m b i e n t  t emp­
e r a t u r e  and was s t i r r e d  t h u s  f o r  t h r e e  d a y s .  The r e s u l t i n g  
s u s p e n s i o n  was washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  
f o l l o w e d  by w a t e r  and was d r i e d  o v e r  a n h yd r ou s  sodium s u l p h a t e .  
E v a p o r a t i o n  o f  t h e  s o l v e n t  y i e l d e d  a t a n  s o l i d ,  and t o  t h i s  was 
added  a s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  (82g)  i n  a w a t e r  ( 9 0 m l ) /  
e t h a n o l  (330ml)  m i x t u r e .  The m i x t u r e  was h e a t e d  u n d e r  r e f l u x
2 0 0 .
f o r  o v e r  3 h o u r s  and t he n  p o u r ed  i n t o  w a t e r  ( c a .  750ml ) ;  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was added  ( t o  g i v e  pH 1)  t o  
p r e c i p i t a t e  t h e  p r o d u c t .  S i nce  t h i s  was f i n e l y  d i v i d e d  and 
d i f f i c u l t  t o  f i l t e r ,  i t  was s t i r r e d  w i t h  p l e n t y  o f  w a t e r  and 
e x t r a c t e d  i n t o  c h l o r o f o r m .  The e x t r a c t s  were d r i e d  o v e r  
a n hy dr o us  sodium s u l p h a t e  and e v a p o r a t e d  t o  g i v e  a brown s o l i d  
which was c h r o ma t og rap hed  on s i l i c a  g e l  w i t h  c h l o r o f o r m  as  
e l u a n t .  C r y s t a l l i s a t i o n  o f  t h e  p r o d u c t  f rom c y c l o h e x a n e  y i e l d e d  
2 - h y d r o x y - 7 - p e n t y l f l u o r e n e  ( 8 . 6 g ,  2 6 # ) ,  m.p.  156-158*^0 (Found:
C, 8 6 . 1 ;  H, 7 . 9 .  ^18^20^ r e q u i r e s  C, 8 5 . 7 ;  H, 8 . 0 # ) .  P r o t o n
n . m . r .  (60MHz; CDGl^) f o r  t h e  p r o d u c t  gave a complex m u l t i p l e t  
(6H) a t  6 7 . 7 5  t o  6 . 7  ( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  ( IH) a t  6
4 . 9  (-OH),  a s i n g l e t  (2H) a t  6 3 . 8  ( m e th y le ne  b r i d g e ) ,  a t r i p l e t  
(2H) a t  6 2 . 6 5  and a complex m u l t i p l e t  (9H) a t  6 1 . 9  t o  0 . 7  ppm 
( p e n t y l  c h a i n ) .
I t  was p o s s i b l e  t o  i s o l a t e  and p u r i f y  t h e  i n t e r m e d i a t e  
a c e t a t e  o f  2 - h y d r o x y - 7 - p e n t y l f l u o r e n e  b e f o r e  t h e  h y d r o l y s i s  w i t h  
p o t a s s i u m  h y d r o x i d e ,  b u t  t h i s  was found  t o  d e c r e a s e  t h e  y i e l d  
s l i g h t l y .  The t a n  s o l i d  o b t a i n e d  f rom t h e  B a e y e r - V i l l i g e r  
o x i d a t i o n  o f  2 - a c e t y l - 7 - p e n t y f l u o r e n e  was c r y s t a l l i s e d  f rom 
e t h a n o l  g i v i n g  7 - p e n t y l - 2 - f l u o r e n y l  a c e t a t e  ( 2 4 # ) ,  m.p.  105-107°C 
(Found:  C, 8 1 . 1 ;  H, 7 . 4 .  ^20^22^2 r e q u i r e s  C, 8 1 . 6 ;  H, 7 . 5 # ) .
S u b s e q u e n t  h y d r o l y s i s  o f  t h i s  a c e t a t e  gave t h e  h y d r o x y p e n t y l ­
f l u o r e n e ;  t h e  o v e r a l l  y i e l d  was 20# a f t e r  c r y s t a l l i s a t i o n  f rom 
c y c l o h e x a n e  ( c hr om at og ra ph y  was u n n e c e s s a r y ) .
7 . 7  2 - P e n t y l - 7 - p e n t y l o x y f l u o r e n e .
2 - H y d r o x y - 7 - p e n t y l f l u o r e n e  ( 2 . 5 2 g ,  O.Olmol)  and a n h y d r o u s  
p o t a s s i u m  c a r b o n à t e  (6g,  0 . 04mol )  were s u s p e n d e d  i n  c y c l o h e x a n o n e  
(8ml)  and 1 - b rom open t ane  (2ml,  0 . 0 l 6 m o l )  was added ( c f .  Gray and 
J o n e s , 3 p r e p a r a t i o n  o f  £ - a l k o x y b e n z a l d e h y d e s ) .  Th i s  m i x t u r e  
was h e a t e d  u n d e r  r e f l u x  and p e r i o d i c a l l y  a g i t a t e d  f o r  c a .  5 h o u r s .  
The s u p e r n a t a n t  s o l u t i o n  was d e c a n t e d  o f f ,  and t h e  r e m a i n i n g  s o l i d  
was e x t r a c t e d  w i t h  e t h e r .  The combined e x t r a c t s ,  on s t a n d i n g  
o v e r n i g h t ,  y i e l d e d  c r y s t a l s  which were  f i l t e r e d  o f f .  A f u r t h e r  
c r op  o f  s o l i d  was o b t a i n e d  f rom t h e  e t h e r e a l  mo the r  l i q u o r  by 
p r e c i p i t a t i o n  w i t h  m e t h a n o l .  R e c r y s t a l l i s a t i o n  f rom m e t ha no l  of  
t h e  combined s o l i d s  y i e l d e d  2 - p e n t y l - 7 - p e n t y l o x y f l u o r e n e  ( l . 8 g ,  
5 6 # ) ,  m.p.  1 1 5 - l l 6 ° G  (Found:  C, 8 5 . 9 ;  H, 9 . 3 .  ^23^30^ r e q u i r e s
C, 8 5 . 7 ;  H, 9 . 4 # ) .  P r o t o n  n . m . r .  (60MHz; CDCl^) f o r  t h e
20 1 .
p r o d u c t  gave a complex m u l t i p l e t  (6h)  a t  6 7 . 8  t o  6 . 8 ,  a t r i p l e t  
(2H) a t  6 4 . 0 ,  a s i n g l e t  (2H) a t  6 3 . 8 ,  a t r i p l e t  (2H) a t  6 2 . 6 5  
and a complex m u l t i p l e t  (18H) a t  5 2 . 0  t o  0.7ppm.
"7. 8 O x i d a t i o n  of  2 - b r o m o - 7 - h e p t y l f  l u o r e n e  .
Sodium d i c h r o m a t e  d i h y d r a t e  ( 1 . 7 4 ^  5 . 83  mmol) was d i s s o l v e d  
i n  h o t  g l a c i a l  a c e t i c  a c i d  ( lOml)  and t h i s  s o l u t i o n  added  d r o p -  
w i s e  t o  a s o l u t i o n  o f  2 - b r o m o - 7 - h e p t y l f l u o r e n e  (3g,  8.75mmol)  
i n  r e f l u x i n g  g l a c i a l  a c e t i c  a c i d  ( 5 ml ) .  The m i x t u r e  was h e a t e d  
u n d e r  r e f l u x  f o r  5 h o u r s ,  g r a d u a l l y  a s sumi ng  a g r e e n  c o l o u r .
I t  was t he n  p ou r ed  i n t o  i c e / w a t e r  (50ml)  and l e f t  s t a n d i n g  f o r  
a f u r t h e r  5 h o u r s .  The r e s u l t i n g  s u s p e n s i o n  was f i l t e r e d  
g i v i n g  a y e l l o w  p a s t e  which was washed w i t h  d i l u t e  s u l p h u r i c  
a c i d  and w a t e r .  F u r t h e r  s o l i d  was o b t a i n e d  f rom t h e  mot he r  
l i q u o r  a f t e r  an e xc e s s  o f  w a t e r  had been add ed ,  and t h e  s o l i d s  
were  combined,  d i s s o l v e d  in  benzene  g i v i n g  a c l o ud y  s o l u t i o n  
and f i l t e r e d .  The c l e a r  f i l t r a t e  was p l a c e d  on a s i l i c a  g e l  
column and e l u t e d  w i t h  l i g h t  p e t r o l e u m  ( b . p .  40-60°C)  r e c o v e r i n g  
s t a r t i n g  m a t e r i a l  ( 0 . 7 g ,  2 3 #) ,  m.p.  and mixed m.p.  w i t h  an 
a u t h e n t i c  sample o f  s t a r t i n g  m a t e r i a l  88-90°G ( f rom e t h a n o l ) .
The same ch r oma t og rap hy  column was t h e n  e l u t e d  w i t h  a 1 : 1  
m i x t u r e  o f  benzene  and l i g h t  p e t r o l e u m  ( b . p .  40-60°C)  g i v i n g  
2 - b r o m o - 7 - h e p t y l f l u o r e n o n e  (0 .34g ,  1 1 # ) ,  m.p.  54-55°C ( f rom 
a c e t o n e / l i g h t  p e t r o l e u m )  (Found:  C, 6 7 . 8 ;  H, 6 . 0 .  ^20^21^^^
r e q u i r e s  G, 6 7 . 2 ;  H 5 . 9 # ) ;  1720 cm”^ ( s )  i s  c o n s i s t e n t
w i t h  a f l u o r e n o n e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y .  P r o t o n  n . m . r .  
(60MHz ; CDCl^) gave a complex m u l t i p l e t  (6h ) a t  6 7 . 7  t o  7 . 2 ,  
a t r i p l e t  (2H) a t  6 2 . 6 5  and a complex m u l t i p l e t  (13H) a t  6
1 . 8  t o  0.9ppm.
F u r t h e r  e l u t i o n  o f  t h e  ch ro mat og r aph y  column w i t h  b enzene  
p r o d u c e d  a p a l e  y e l l o w  s o l i d  ( 0 . 1 5 g ,  8 # ) ,  m.p.  108-111°C which  
p r o b a b l y  c o n s i s t e d  o f  2 - b r o m o - 7 - h e p t a n o  y l f l u o r e n e  b u t  was 
i n c o m p l e t e l y  c h a r a c t e r i s e d .  F i n a l l y ,  e l u t i o n  w i t h  c h l o r o f o r m  
gave 2 - b r o m o - 7 r h e p t a n o y l f l u o r e n o n e  ( 0 . 1 5 g ,  7 # ) ,  m.p.  l 6 3 - 1 7 0 ° C  
( f rom e t h a n o l ) .  Thi s  l a t t e r  compound was i d e n t i f i e d  by mixed  
m e l t i n g  p o i n t  and t h i n  l a y e r  c h r o ma to g r ap h y  (TLG : s i l i c a  g e l  
e l u t e d  w i t h  b en zen e)  compar i sons  w i t h  an a u t h e n t i c  s a mp l e .  The 
a u t h e n t i c  sample was o b t a i n e d  f rom an o x i d a t i o n  o f  2 - b r o m o - 7 -  
h e p t y l f l u o r e n e  u n d e r  s l i g h t l y  d i f f e r e n t  c o n d i t i o n s ,  a s  o u t l i n e d  
be low.
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7 . 8 . 1  M od i f i ed  o x i d a t i o n  o f  2 - b r o m o - 7 - h e p t y l f l u o r e n e .
2 - B r o m o - 7 - h e p t y l f l u o r e n e  (4g,  0 .012mol )  was d i s s o l v e d  i n  
g l a c i a l  a c e t i c  a c i d  (5ml)  by h e a t i n g  t h e  m i x t u r e  u n d e r  r e f l u x .
When t h e  m i x t u r e  was b o i l i n g ,  a h o t  s o l u t i o n  of  sodium d i c h r o m a t e  
d i h y d r a t e  ( 6g,  0 . 02mol) in  a m i x t u r e  o f  a c e t i c  a c i d  ( 8ml) and 
w a t e r  (2ml) was added d r o p w i s e ,  n o t  a l l o w i n g  t h e  s o l u t i o n  t o  
c o o l  below i t s  b o i l i n g  p o i n t .  Thi s  gave a g r e en  m i x t u r e  w i t h  
two p h a s e s  which was h e a t e d  u n d e r  r e f l u x  f o r  2 . 5  h o u r s  t he n  
p o u r e d  i n t o  i c e / w a t e r  ( 50m l ) . a n d  a l l o w e d  t o  s t a n d  o v e r n i g h t .
The r e s u l t i n g  y e l l o w  s o l i d  was f i l t e r e d  o f f ,  d r i e d  and c r y s t a l l ­
i s e d  t w i c e  f rom a c e t o n e  g i v i n g  2 - b r o m o - 7 - h e p t a n o y l - f l u o r e n o n e  
( 0 . 0 5 g ,  1 % ) ,  m.p.  17 i -1 76° G (Found:  C, 6 4 . H, 5 . 1 .
Cor)H-| qBrO„ r e q u i r e s  C, 6 ^ . 7 ;  H, 5 . 1 % ) ;  v 1715 om'^ (C=Dmax
b r i d g e )  and l670cm*" ( h e p t a n o y l  0=0).  S t a r t i n g  m a t e r i a l  ( i g ,
25#)  was r e c o v e r e d  f rom t h e  a c e t o n e  mother  l i q u o r s .
7 . 9  2 , 2  *- B i s ( h y d r o x y m e t h y l ) b i p h e n v l .
L i t h i u m  a lumin ium h y d r i d e  ( 8 . 5 g ,  0 . 2mdL) was t r a n s f e r r e d  to  
a 2 £ f l a s k  f i t t e d  w i t h  a d oub l e  s u r f a c e  r e f l u x  c o n d e n s e r  
p r o t e c t e d  by a c a l c i um  c h l o r i d e  t u b e ,  and d r o p p i n g  f u n n e l .  The 
h y d r i d e  was q u i c k l y  c o ve r ed  w i t h  sodium d r i e d  e t h e r  ( 300m l ) .  
D i m e t h y l d i p h e n a t e  (38g,  O. lkmol )  was d i s s o l v e d  in  sodium d r i e d  
e t h e r  (350ml)  and p l a c e d  i n  t h e  d r o p p i n g  f u n n e l .  Thi s  s o l u t i o n  
was added t o  t h e  h y d r i d e  m i x t u r e  as  f a s t  as  t h e  r e f l u x i n g  e t h e r  
would a l l o w .  When a l l  t h e  d i p h e n a t e  was ad ded ,  t h e  r e s u l t i n g  
s u s p e n s i o n  was s t i r r e d  u n t i l  t h e  r e a c t i o n  s t o p p e d .  The e x c e s s  
l i t h i u m  a luminium h y d r i d e  was decomposed by a d d i n g  wet  e t h e r ,  
w a t e r  and some IM s u l p h u r i c  a c i d  g i v i n g  two w e l l  d e f i n e d  l a y e r s .  
The e t h e r  l a y e r  was s e p a r a t e d  and e v a p o r a t e d  g i v i n g  a w h i t e  s o l i d ;  
c r y s t a l l i s a t i o n  f rom benzene  y i e l d e d  2 , 2 ’- b i s ( h y d r o x y m e t h y l ) 
b i p h e n y l  ( 2 0 . 5g,  68# ) ,  m.p.  112-113°C ( l i t . *  m.p.  1 1 2 - 1 1 3 ° C ) .
7 . 1 0  5 , 7 - D i h y d r o d i b e n z  [ c , e j q x e p i n .
2 , 2 ’- B i s ( h y d r o x y m e t h y l ) b i p h e n y l  ( I 3 g ,  0 . 06 mo l )  was s u sp e n d e d  
i n  50# w/w s u l p h u r i c  a c i d ( a q )  (30ml) and t h e  m i x t u r e  was h e a t e d  
on a w a t e r  b a t h  and s t i r r e d  f o r  ca .  30 m i n u t e s  g i v i n g  a c lo ud y  
e m u l s i o n .  Thi s  was a l l o w e d  t o  c o o l ,  and was t r i t u r a t e d  g i v i n g  
a w h i t e  s o l i d  which was s e p a r a t e d  f rom t h e  aqueous  a c i d ,  washed 
w i t h  w a t e r  and c r y s t a l l i s e d  from met han ol  g i v i n g  5 , 7 - d i h y d r o -  
d i b e n z  [ c , ^ ] o x e p i n  ( lOg,  8 4# ) ,  ni.p.  7 0 . 5 - 7 1 . 5 ^ 0  ( l i t , ®  m.p.  7 2 . 5 -  
7 3°C) .
20 3 .
7 . 1 1  B ro mi na t i on  of  5,  7 - d i h y d r o d i b e n z  [c ,  e_] o x ep i n  .
The oxep i n  ( 4 . 9 g ,  0 . 025mol )  was d i s s o l v e d  i n  c h l o r o f o r m  
( l 5 m l )  and t h e  s o l u t i o n  was coo led  in  an i c e  b a t h .  Bromine 
( l . 2ml,  95# o f  one e q u i v a l e n t )  was run  in  v i a  a d r o p p i n g  f u n n e l  
and t h e  r e a c t i o n  m i x t u r e  was a l l o w e d  to  warm up t o  room temp­
e r a t u r e .  The m i x t u r e  was s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  f o r  one 
day ,  and t h e  c o l o u r  of  bromine  was l o s t .  The s o l u t i o n  was 
washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  f o l l o w e d  by 
w a t e r  and t he n  d r i e d  o ve r  anhydr ous  sodium s u l p h a t e .  E v a p o r a t i o n  
gave a l i q u i d  c o n s i s t i n g  o f  s e v e r a l  components  (TLG : s i l i c a  g e l ;  
c h l o r o f o r m )  b u t  d i s t i l l a t i o n  o f  t h i s  u n d e r  r e d u c e d  p r e s s u r e  
( b . p t .  184-194^8 a t  3mm Hg) f a i l e d  t o  a c h i e v e  s e p a r a t i o n .  The 
d i s t i l l e d  l i q u i d  ( 3g) was t h u s  c h r om at og r ap he d  on s i l i c a  g e l  
w i t h  benzene  as  e l u a n t  g i v i n g  2 ,2  *- b i s ( b r o m o m e t h y l ) b i p h e n y l  
( 0 . 9 5 g ,  1 1 # ) ,  m.p.  91-92°C ( c y c l oh e xa n e )  (Found:  C, 4 9 . 2 ;  H, 3 . 5 .
C a l c u l a t e d  f o r  C, 4 9 . 4 ;  H, 3 . 5 # ) .  The i d e n t i t y
o f  t h e  compound was co n f i rm ed  by mixed m.p.  w i t h  an a u t h e n t i c  
sample  p r e p a r e d  by t h e  method g i yen  in  s e c t i o n  7 . 1 2 .
The second  f r a c t i o n  f rom t h e  c h r oma t og rap hy  column y i e l d e d  
2 - b r o m o m e t h y l b i p h e n l y - 2 ’- c a r b o x a l d e h y d e  ( 0 . 9 g ,  1 3 # ) ,  m.p.  65-67°C 
( f rom c y c l o h e x a n e )  ( l i t . ^  m.p.  63-66°G)  (Found:  G, 6 0 . 7 ;  H,
3 . 9 .  C a l c u l a t e d  f o r  G^.^H^^BrO: G, 6l . l ;  H, 4 . 0 # ) .  P r o t o n
n . m . r .  (90MHz; GDGl^) gave a s i n g l e t  ( IH) a t  Ô 9 . 7  (-GHO), 
a complex m u l t i p l e t  ( 8H) a t  ô 8 . 1  t o  7 . 1  ( a r o m a t i c  p r o t o n s )  and 
an AB q u a r t e t  (2H) a t  6 4 . 2 5  ppm (-GH^Br) .  The mass s p e c t r u m  
gave t h e  m o l e c u l a r  ion  peaks  a t  m/z 274 and 276 c o n f i r m i n g  t h e  
p r e s e n c e  o f  bromine w h i l e  t h e  i . r .  s p e c t r u m  gave 1700cm ^
(-GHO).
7 . 1 2  2 , 2 ’- B i s ( b r o m o m e t h y l ) b i p h e n y l .
48# Hydrobromic a c i d  (950ml)  was h e a t e d  to  90°G a n d / 2 , 2 ’ - 
b i s ( h y d r o x y m e t h y l ) b i p h e n y l  ( l 9 g ,  0 . 089mol)  was added g r a d u a l l y ,  
m a i n t a i n i n g  t h e  r e a c t i o n  t e m p e r a t u r e  a t  ca .  90°G. The m i x t u r e  
was t h e n  b o i l e d  f o r  20 m i n u t e s ,  p ou r ed  i n t o  a l a r g e  b e a k e r  and 
a l l o w e d  t o  coo l  t o  room t e m p e r a t u r e .  The s o l i d  was f i l t e r e d ,  
washed w i t h  a l i t t l e  i c e - c o l d  w a t e r  and d r i e d  i n  vacuo o ve r  
f l a k e d  sodium h y d r o x i d e .  C r y s t a l l i s a t i o n  f rom l i g h t  p e t r o l e u m  
( b . p .  60-80°G)  gave 2 , 2 ’ - b i s ( b r o m o m e t h y l ) b i p h e n y l  ( 2 2 . 2g,  8 5 # ) ,  
m.p.  91-92°G ( l i t . *  m.p.  91-93°G) .
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7 . 1 3  £ - B r o m o b e n z o y l c h l o r i d e .
£ “ Bromobenzoic a c i d  (25g,  0 .124%ol)  was s u s p en de d  in  a 
s o l u t i o n  of  t h i o n y l  c h l o r i d e  (22ml ,  ca .  2 . 5  e q u i v a l e n t s )  i n  
benzene  (25ml)  and t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  f o r  8 
h o u r s .  The benzene  and e x c e s s  t h i o n y l  c h l o r i d e  were  d i s t i l l e d  
o f f  a t  s l i g h t l y  r e d u c e d  p r e s s u r e ;  d i s t i l l a t i o n  o f  t h e  r e s i d u e  
g i v e  2 - b romobenzoyl  c h l o r i d e  (23g,  8 5 # ) ,  b . p .  131-132°G a t  
22mm Hg and m.p.  38-41°G ( l i t . ^  b . p . ^ ^  136-138°G,  m.p.  42°G) .
7 . 1 4  Compounds i n  t h e  s y n t h e s i s  o f  2 - ( p - c y a n o b e n z y l ) - 7 - p e n t a n o y l
f l u o r e n e .
2 - ( ^ - B r o m o b e n z o y l ) f l u o r e n e  was p r e p a r e d  f rom p - b r o m o b e n z o y l  
c h l o r i d e  and f l u o r e n e  u s i n g  t he  method g i v e n  i n  s e c t i o n  7 . 1 ,  and 
was p u r i f i e d  by c r y s t a l l i s a t i o n  f rom e t h y l  a c e t a t e .  2 - ( p -  
B r o m o b e n z y l ) f l u o r e n e  was p r e p a r e d  f rom 2 - ( ^ - b r o m o b e n z o y l ) f l u o r e n e  
by a Huang-Minlon r e d u c t i o n  ( see  s e c t i o n  7 . 2 ) .  The p r o d u c t  was 
o b t a i n e d  a f t e r  ch roma t og raphy  on a l umi na  w i t h  benzene  as  e l u a n t ,  
and was c r y s t a l l i s e d  s e v e r a l  t i m e s  f rom g l a c i a l  a c e t i c  a c i d  in  
o r d e r  t o  o b t a i n  a pure  s ampl e .  F r i e d e l - G r a f t s  a c y l a t i o n  o f  t h i s
compound w i t h  p e n t a n o y l  c h l o r i d e  ( see  s e c t i o n  7 , 1 )  f o l l o w e d  by 
c h r om a t o gr ap hy  on s i l i c a  g e l  w i t h  c h l o r o f o r m  as  e l u a n t  y i e l d e d  
2 _ (2 -bromo b e n z y l  ) -7-pentanoyl f  l u o r e n e  a f t e r  c r y s t a l l i s a t i o n  f rom 
g l a c i a l  a c e t i c  a c i d .  The e l e m e n t a l  a n a l y s i s  f i g u r e s  f o r  t h e s e  
compounds a r e  g i v en  i n  t a b l e  7 . 1 4 - 1 .
Ta b l e  7 . 1 4 - 1 . E l e m e n t a l  a n a l y s e s  o f  compounds i n  t h e  s y n t h e s i s  
o f  2-  ( jp-cyanobenzyl  ) - 7 - p e n t a n o y l f l u o r e n e  .
S u b s t i t u t e d  f l u o r e n e  
( f o r m u l a )
A n a l y s i s : f o und  (#)  
( r e q u i r e d )
G H
2 - ( Bromobenzoy l ), 68 . 5 3 . 7
m.p.  194-19600
( 6 8 . 8 ) ( 3 . 7 5 )(G2oH^3BrO)
2 - (Br omobe nzy l ) ,  m.p.  129-132 G 72 . 1 4 . 5
(C^oHi jBr ) ( 7 1 . 6 5 ) ( 4 . 5 )
2 - ( Br omob enzy l ) - 7 - p e n t a n o y l , 7 1 . 9 5 . 7
m.p.  131-133°C
( 7 1 . 6 ) ( 5 . 5 )(GzgHggBrO)
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7 . 1 5  2 - ( £ - Cyan0b e n z y l ) - 7 - p e n t a n o y l f l u o r e n e .
Cuprous c ya n i de  ( 0 . 2 g ,  2 . 23  e q u i v a l e n t s )  was s u s p e n d ed  in 
N - m e t h y l p y r r o l i d o n e  ( lOml)  and t h e  m i x t u r e  h e a t e d  u n d e r  s l i g h t l y  
r e d u c e d  p r e s s u r e  t o  d i s t i l  o f f  some s o l v e n t  i n c l u d i n g  any w a t e r  
p r e s e n t .  The m ix t u r e  was a l l o w e d  t o  co o l  somewhat ,  and 
2 - ( ^ - b r o m o b e n z y l ) - 7 - p e n t a n o y l f l u o r e n e  ( 0 . 4 2 g ,  O.OOlmol) was 
added  and t h e  mi x t u r e  h e a t e d  u n d e r  r e f l u x  f o r  ov er  2 . 5  h o u r s .
When c o o l ,  t h e  m ix t u r e  was pour ed  i n t o  a n o t h e r  o f  anh yd r ou s  
f e r r i c  c h l o r i d e  ( 0 . 3 6 g ,  2 . 2 3  e q u i v a l e n t s ) ,  w a t e r  (5ml)  and conc .  
h y d r o c h l o r i c  a c i d  ( 0 . 5 m l ) .  A p r e c i p i t a t e  was p r o d u c e d ,  and t h e  
r e s u l t i n g  s u s p e n s i o n  was h e a t e d  t o  60-70°C and m a i n t a i n e d  t h u s  
f o r  20 m inu t e s  w i t h  o c c a s i o n a l  s t i r r i n g .  When c o o l ,  t h e  
p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  5M h y d r o c h l o r i c  a c i d  
f o l l o w e d  by w a t e r  and d r i e d .  C r y s t a l l i s a t i o n  f rom c y c l o h e x a n e  
gave 2 - ( ^ - c y a n o b e n z y l ) - 7 - p e n t a n o y l  f l u o r e n e  (0 .17g,  4 7 # ) ,  m.p.  
128-129°c  (Found:  C, 8 5 . 5 :  H, 6 . A. r e q u i r e s  C, 8 5 , 7 :
H, 6 , 1 $ ) ;  2225cm ^ (C=N) and l670cm”^ (C=0).  P r o t o n  n . m . r
(60MHz; CDGl^) gave a complex m u l t i p l e t  (lOH) a t  6 8 . 1  t o  7 . 1 5  
( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  (2H) a t  6 4 . 1  ( b e n z y l  -GH^-) ,  a 
s i n g l e t  (2H) a t  6 3 . 9  (-GH^- b r i d g e ) ,  a t r i p l e t  (2H) a t  6 3 . 0  
(-GH^GO-) and a complex m u l t i p l e t  (7H) a t  6 2 . 0  t o  0.9ppm
(GH2(CH2)2-).
7 . 1 6 j p - B r o m o p h e n y l a c e t y l c h l o r i d e  .
Th io n y l  c h l o r i d e  (300ml,  4 . 13mol )  was added  t o  p - b r om o -  
p h e n y l a c e t i c  a c i d  (lOOg, 0 . 43mol )  and t h e  m i x t u r e  was h e a t e d  
u n d e r  r e f l u x  f o r  ca .  4 h o u r s .  Excess  t h i o n y l  c h l o r i d e  was 
d i s t i l l e d  o f f  u nd e r  s l i g h t l y  r e d u c e d  p r e s s u r e ,  and d i s t i l l a t i o n  
o f  t h e  r e s i d u e  y i e l d e d  p - b r o m o p h e n y l a c e t y l c h l o r i d e  (87g,  8 7 # ) ,  
b . p .  160°C ( l i t . ®  b . p .  125°C).
3 0 8
7 . 1 7  2 -  ( p - B r o m o p h e n y l a c e t y l ) f l u o r e n q.
F r i e d e l - G r a f t s  a c y l a t i o n  of  f l u o r e n e  (50g,  0 . 3mo l )  w i t h  
p - b r o m o p h e n y l a c e t y l  c h l o r i d e  (77g,  0 . 33mol )  i n  d i c h l o r o m e t h a n e  
( c f .  s e c t i o n  7 . 1 )  f o l l o w e d  by c r y s t a l l i s a t i o n  f rom e t h y l  - a c e t a t e  
gave 2 - ( p - b r o m o p h e n y l a c e t y l ) f l u o r e n e  ( 5 1 . 3g,  4 7 # ) ,  m.p.  199-202°G 
(Found:  G, 6 8 . 8 ;  H, 4 . 1 .  C^^H^^BrO r e q u i r e s  G, 6 9 . 4 5 ;  H,
4 . 1 5 # ) .  P r o t o n  n . m . r .  (60MHz; GDGl^) gave a complex m u l t i p l e t
206 .
(11H) a t  6 8 . 3  t o  7 . 1  ( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  (2H) a t  ô 
4 . 3  ( “COCH^-) and a s i n g l e t  (2H) a t  6 3.95ppm ( me th y l en e  b r i d g e ) .
7 . 1 8  1 -  (p-Bro  mo pheny l  ) - 2 - ( 2  ’ - f l u o r e n y l  ) e thane, .
To a s t i r r e d  m i x t u r e  o f  l i t h i u m  a l umi ni um h y d r i d e  ( 5 . 6 g ,  
0 . 147mol )  in  sodium d r i e d  e t h e r  (ca .  110ml)  was added  d r op wi se  
a s o l u t i o n  o f  a luminium c h l o r i d e  ( 4 2 . 8 8 g ,  9 . 322mol )  i n  d r y  e t h e r  
( c a .  110ml ) .  2 - ( p - B r o m o p h e n y l a c e t y l ) f l u o r e n e  (20g,  0 . 055mol )
i n  warm c h l o r o f o r m  (500ml)  was t hen  added d r o p w i s e  and t h e  r e s u l t ­
i n g  m i x t u r e  was s t i r r e d  and h e a t e d  t o  r e f l u x  f o r  21 h o u r s .  The 
e x c e s s  r e d u c i n g  a g e n t  was d e s t r o y e d  by a d d i n g  wet  e t h e r ,  w a t e r  
( 5 0 0 m l . ) and f i n a l l y  conc.  h y d r o c h l o r i c  a c i d  ( l5 0 m l )  w h i l e  t h e  
r e a c t i o n  v e s s e l  was co o l ed  i n  i c e .  The o r g a n i c  l a y e r  was 
s e p a r a t e d ,  washed w i t h  w a t e r  and d r i e d  o v e r  a n h yd r ou s  sodium 
s u l p h a t e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  f o l l o w e d  by c r y s t a l l i s a t i o n  
o f  t h e  r e s i d u e  f rom e t h y l  a c e t a t e  gave 1 - ( p - b r o m o p h e n y l ) - 2 -  
( 2 ' - f l u o r e n y l ) e t h a n e  ( 1 1 . 2g,  58#) ,  m.p.  1 7 4 “175°C - (Found:  C,
7 1 . 8 ;  H, 4 . 8 5 .  *^21^17^^ r e q u i r e s  G, 7 2 . 2 ;  H, 4 . 9 # ) .  P r o t o n
n . m . r .  (60MHz; GDGl^) gave a complex m u l t i p l e t  ( l l H )  a t  6 7 . 8
t o  6 . 9 5  ( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  (2H) a t  6 3 . 8 5  ( me t h y l e n e
b r i d g e )  and a s i n g l e t  (4H) a t  6 2.95ppm (-GH^GH^-).
7 ;19  1 - ( p -Br om op h en y l ) - 2 - ( 7 ’- p e n t a n o y l - 2 ’- f l u o r e n y l ) e t h a n e .
F r i e d e l - G r a f t s  a c y l a t i o n  o f  1 - ( p - b r o m o p h e n y l ) - 2 - (2 ’- 
f l u o r e n y l ) e t h a n e  ( lOg,  0 .029mol )  w i t h  p e n t a n o y l  c h l o r i d e  ( 3 . 9 m l ,  
0 . 032mol )  i n  d i c h l o r o m e t h a n e  ( c f .  s e c t i o n  7 . 1 )  f o l l o w e d  by 
c r y s t a l l i s a t i o n  f rom e t h y l  a c e t a t e  gave 1 - ( p -b romo pheny l  ) - 2 -  
(7 ' - p e n t a n o y l - 2  ' - f l u o r e n y l  ) e t h a n e  ( 7 . 4 g ,  59# ) ,  G-^N 126-127°G 
(Found:  G, 7 2 .4 ;  H, 5 . 8 5 .  G^^H^^BrO r e q u i r e s  G, 7 2 . 1 ;  H,
5 . 8 # ) ;  V l670cm"^ (G=0).  P r o t o n  n . m . r .  (60MHz; GDGlg)
gave a complex m u l t i p l e t  (lOH) a t  6 8 . 1  t o  7 . 0 ,  a s i n g l e t  (2H)
a t  6 3 . 9 ,  a s i n g l e t  masking a t r i p l e t  (6H) a t  ô 2 . 9 5  (-GH^GO-
and Ar-GH^GH^-Ar) and a complex i m l t i p l e t  (7H) a t  6 2 . 0  t o  0.8ppm 
( G H ^ ( G H ^ P T 7
7 . 2 0  1 - ( p - B r o m q p h e n y l ) - 2 - ( 7 ' - p e n t y l - 2 ' - f l u o r e n y l ) e t h a n e .
To a s t i r r e d  s o l u t i o n  o f  l i t h i u m  a l umi ni um h y d r i d e  ( l . O l g ,  
0 .027mol )  i n  sodium d r i e d  e t h e r  (20ml)  was added  d r o p w i s e  a 
s o l u t i o n  o f  a lumin ium c h lo r id e  ( 7 . 8 7 g ,  0.059m ol)  i n  sodium d r i e d
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e t h e r  (20ml ) .  This  was f o l l o w e d  by t h e  d r op wi se  a d d i t i o n  o f
1 - ( p - b r o m o p h e n y l ) - 2 - ( 7 ' - p e n t a n o y l - 2 ’ - f l u o r e n y l ) e t h a n e  (4*33g,  
O.Olmol)  in  warm c h l o r o f o r m  ( 40ml) and t h e  r e s u l t i n g  m i x t u r e  
was s t i r r e d  and h e a t e d  u n d e r  r e f l u x .  However,  d e s p i t e  t h e  
a d d i t i o n  o f  f u r t h e r  a lumin ium c h l o r i d e  (3&g, 0 . 027mol )  and 
l i t h i u m  a luminium h y d r i d e  ( l . O l g ,  0 .027mol )  no r e a c t i o n  o c c u r r e d  
(TLG : s i l i c a  g e l ;  be nz en e)  even a f t e r  7 days  r e f l u x i n g .  Hence 
d i - n - b u t y l  e t h e r  (70ml)  was added and t h e  m i x t u r e  h e a t e d  u n d e r  
r e f l u x  a t  90 G f o r  48 h o u r s .  When c o o l ,  w a t e r  (lOOml) was added  
s l o w l y  t o  t h e  m i x t u r e  w i t h  v i g o r o u s  s t i r r i n g ,  f o l l o w e d  by 
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 60ml ) ,  The o r g a n i c  p ha s e  was 
s e p a r a t e d ,  washed w i t h  w a t e r  and e v a p o r a t e d  g i v i n g  a s o l i d  
r e s i d u e .  Two c r y s t a l l i s a t i o n s  f rom a c e t o n e  ( c h a r c o a l )  gave
1 - ( p - b r o m o p h e n y l ) - 2 - ( 7 ’ - p e n t y l - 2 ' - f l u o r e n y l ) e t h a n e  ( 0 . 6g,  1 4 # ) ,
G->N 100-101°G (Found;  G, 7 4 . 1 ;  H, 6 . 4 .  G^^H^yBr r e q u i r e s  
G, 7 4 . 4 5 ;  H, 6 . 5 # ) ;  t h e  i . r .  s pe c t ru m gave no c a r b o n y l  s t r e t c h ­
i n g  a b s o r p t i o n .  P r o t o n  n . m . r .  (60MHz; GDGl^) gave a complex 
m u l t i p l e t  (lOH) a t  Ô 7 . 8  t o  6 . 9 ,  a s i n g l e t  (2H) a t  6 3 . 8 ,  a 
s i n g l e t  (4H) a t  6 2 . 9 5 ,  a t r i p l e t  (2H) a t  6 2 . 7  ( A r - G I ^ - n - b u t y l ) 
and a complex m u l t i p l e t  (9H) a t  6 1 . 9  t o  0.7ppm.
7 .2 1  1 - ( p - G y a n o p h e n y l ) - 2 - ( 7  *- p e n t a n o y l - 2 ' - f l u o r e n y l ) e t h a n e .
Gyana t ion  o f  1 -  (p -b romopheny l  ) - 2 -  (7 ' - p e n t a n o y l - 2 - ' - f l u o r e n y l  ) 
e t h a n e  ( 0 . 4 3 g ,  O.OOlmol) w i t h  cuprous  c y a n i d e  ( 0 . 2 g ,  2 . 2 3  
e q u i v a l e n t s )  i n  N - m e t h y l p y r r o l i d o n e  ( c f .  s e c t i o n  7 . 1 5 )  f o l l o w e d  
by two c r y s t a l l i s a t i o n s  f rom benzene  ( c h a r c o a l )  gave l - ( p -  
c y a n o p h e n y l ) - 2 - ( 7 ' - p e n t a n o y l - 2 ' - f l u o r e n y l ) e t h a n e  ( 0 . 1 4 g ,  3 7 # ) ,  
m.p. I 6 l -1 6 2 °G  (Found: G, 8 5 .2 5 ;  H, 6 . 6 ;  N, 3 . 7 .  G^yH^^NO
r e q u i r e s  C, 8 5 .4 5 ;  H, 6 .6 5 ;  K, 3 . 1 % ) ;  v 2250em‘  ^ (C=W) and 
I670om-1 (C=0).
7 . 2 2  2 - ( p - B r o m o p h e n y l a c e t y l ) - 7 - p e n t y f l u o r e n e .
F r i e d e l - G r a f t s  a c y l a t i o n  o f  2 - p e n t y l f l u o r e n e  ( 8 .5 g ,  0 . 03 6mo l )  
w i t h  p - b r o m o p h e n y l a c e t y l c h l o r i d e  ( 9 . 3 g ,  0 . 04mol )  i n  d i c h l o r o ­
methane ( c f .  s e c t i o n  7 . 1 )  f o l l o w e d  by c r y s t a l l i s a t i o n  o f  t h e  
p r o d u c t  f rom e t h y l  a c e t a t e  gave 2 - ( p - b r o m o p h e n y l a c e t y l ) - 7 -  
p e n t y l f l u o r e n e  ( lOg,  6 4#) ,  m.p.  174-175°G (Found:  G, 7 1 . 9 ;  H, 5.  8„
^26^25^^^  r e q u i r e s  G, 7 2 . 1 ;  H, 5 . 8 # ) .  P r o t o n  n . m . r .  (60MHz;
GDGl^) gave a complex m u l t i p l e t  (lOH) a t  6 8 . 2  t o  7 . 1 ,  a s i n g l e t  
(2H) a t  6 4 . 3  (-GOGHg-),  a s i n g l e t  (2H) a t  6 3 . 9 ,  a t r i p l e t  (2H) 
a t  6 2 . 7  and a complex m u l t i p l e t  (9H) a t  6 1 . 9  t o  0,75ppm.
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7 . 2 3  4 - S u b s t i t u t e d ,  b e n z o i c  and c y c l o h e x a n e  c a r b o x y l i c
a c i d  c h l o r i d e s ' .
The 4 “ S u b s t i t u t e d  b e n z o i c  and c y c l o h e x a n e  c a r b o x y l i c  a c i d s  
were  s u spe nd ed  i n  t h i o n y l  c h l o r i d e  (lO mola r  e q u i v a l e n t s )  and 
t h e  r e s u l t i n g  m i x t u r e s  h e a t e d  und er  r e f l u x  f o r  c a .  5 h o u r s .  
Excess  t h i o n y l  c h l o r i d e  was removed by r o t a r y  e v a p o r a t i o n  and 
t h e  a c i d  c h l o r i d e s  were o b t a i n e d  f rom d i s t i l l a t i o n  o f  t h e  
r e s i d u e s .  The y i e l d s  and b o i l i n g  p o i n t s  o f  t h e  a c i d  c h l o r i d e s  
a r e  g i v e n  i n  t a b l e  7 . 2 3 - 1  e x c e p t  f o r  t h o s e  o f  p - c y a n o b e n z o y l  
and p - p e n t y l b e n z o y l  c h l o r i d e s  which were o b t a i n e d  d i r e c t l y  
f rom B.D.H. Chemica l s  L t d .
Tab le  7 . 2 3 - 1 . Y i e l d s  and b o i l i n g  p o i n t s  o f  4 - s u b s t i t u t e d  
b e n z o i c  and cyc l o he xa ne  c a r b o x y l i c  a c i d  
c h l o r i d e s .
Acid c h l o r i d e Y i e l d ( ? ) B o i l i n g  p o i n t  ( ° G ) /  
p r e s s u r e  (mmHg)
n-C^H^C^H^COCl 73 1 2 1 - 1 2 2 / 8  ( l i t . ®  1 3 5 - 1 3 6 / 2 0 )
n-CjHyOC^H^COCl 78 1 4 8 - 1 5 0 / 1 1  ( l i t .  1 = 1 54- 158 / 25 )
n-C^H^^OC^H^COCl 79 1 7 6 - 1 7 9 / 1 3  ( l i t ! ®  1 8 2 / 2 5 )
n-C^H^^OC^H^COCl 68 2 0 2 - 2 0 5 / 2 0  ( l i t ! '  2 1 3 - 2 1 4 / 3 0 )
n-CgHyC^H^QCOCl'z 84 1 2 2 - 1 2 4 / 1 8
76 1 42 - 1 4 4 / 1 1
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7 . 2 4  7 - P e n t y l - 2 - f l u o r e n y l  p - s u b s t i t u t e d  b e n z o a t e  and 4 ' -  
s u b s t i t u t e d  c y c l o h e x a n e  c a r b o x y l a t e  e s t e r s .
2 - H y d r o x y - 7 - p e n t y l f l u o r e n e  ( 2 . 5 2 g ,  O.Olmol)  was d i s s o l v e d  
in  p y r i d i n e  ( l 5m l )  and t h e  m i x t u r e  was s t i r r e d  w h i l e  p -  
c y an ob en zo yl  c h l o r i d e  ( l . 6 5 g ,  O.Olmol)  was added  in  p o r t i o n s .  
S t i r r i n g  was c o n t i n u e d  o v e r n i g h t  a t  room t e m p e r a t u r e  and t h e  
m i x t u r e  was t h e n  po ur ed  i n t o  w a t e r  ( c a .  15 0ml ) ,  f i l t e r e d ,  washed 
w i t h  d i l .  h y d r o c h l o r i c  a c i d  f o l l o w e d  by w a t e r  and d r i e d .  
C r y s t a l l i s a t i o n  f rom g l a c i a l  a c e t i c  a c i d  gave 7 - p e n t y l - 2 -  
f l u o r e n y l  p - c y a n o b e n z o a t e  ( 2 . 0 g ,  52#) ,  C^S 138-139°C (Found:
C, 8 1 . 7 ;  H, 6 . 1 ;  N, 3 . 7 .  ^26^23^^2 0,  8 1 . 8 5 ;
H, 6 . 1 ;  N, 3 . 1 % ) - ,  2230oin'^(C=N) and 1730cm'^  (C=0) .
P r o t o n  n . m . r .  (60MHz; CDCl^) gave a complex m u l t i p l e t  (lOH) a t  
6 8 . 4  t o  7 . 1 5 ,  a s i n g l e t  (2H) a t  6 3 . 9 ,  a t r i p l e t  (2H) a t  5 2 . 7  
and a complex m u l t i p l e t  (9H) a t  6 1 . 9 - t o  0.7ppm.
The o t h e r  e s t e r s  in t h e  s e r i e s  were p r e p a r e d  by t h e  same 
method;  t h e  c r y s t a l l i s a t i o n  s o l v e n t s  and a n a l y t i c a l  d a t a  f o r  
t h e s e  compounds a r e  g i v en  in  t a b l e  7 . 24 - 1 .
7 . 2 5  F r i e d e l - C r a f t s  a c y l a t i o n  o f  2-~pen t y l f l u o r e n e  w i t h  ox a l y l  
c h l o r i d e .  ( At t e mp ted  p r e p a r a t i o n  o f  7 - o e n t y l f l u o r e n e - 2 - 
ca r b o x y l i c  a c i d  c h l o r i d e ) .
Oxa ly l  c h l o r i d e  ( 1 1 . 5ml,  0.134niol )  was added  o v e r  5 m i n u t e s  
t o  a s t i r r e d  s u s p e n s i o n  o f  anhy dr ou s  a l umin ium c h l o r i d e  ( lOg,  
0 . 0674niol )  in  d i c h l o r o m e t h a n e  (27ml). .  2-Pen t y l f l u o r e n e  ( l 5 g ,  
0 . 0674inol )  i n  d i c h l o r o m e t h a n e  ( 40ml) was added  d r o pw i s e  t o  t h e  
s t i r r e d  a c i d  c h l o r i d e  m i x t u r e  o v er  a one h o u r  p e r i o d .  Excess  
o x a l y l  c h l o r i d e  was s t r i p p e d  o f f  w i t h  s o l v e n t  by r o t a r y  e v a p o r a ­
t i o n ,  and t h e  r e s u l t i n g  t a r  was r e d i s s o l v e d  i n  d i c h l o r o m e t h a n e  
( 6 0 m l ) .  The m i x t u r e  was coded t o  0°C and p o u r ed  i n t o  a 
m e c h a n i c a l l y  s t i r r e d  m i x t u r e  of  c a l c i u m  c h l o r i d e  ( 9 . 5 g )  and 
c r u s h e d  i c e  which  was co o l ed  in  an i c e / s a l t  b a t h  such  t h a t  t h e  
t e m p e r a t u r e  o f  t h e  m i x t u r e  r ema ined  below 5°C d u r i n g  t h e  a d d i t i o n .  
The o r g a n i c  l a y e r  was s e p a r a t e d  w i t h  d i f f i c u l t y  owing t o  t h e  
f o r m a t i o n  o f  an emul s i on  and was d i l u t e d  w i t h  a l a r g e  volume o f  
d i c h l o r o m e t h a n e . I t  was t h e n  s w i r l e d  w i t h  a n h yd r ou s  sodium 
s u l p h a t e  and f i l t e r e d  g i v i n g  a c l oud y  s o l u t i o n  which  y i e l d e d  a 
gummy s o l i d  on e v a p o r a t i o n .  Th i s  was s w i r l e d  w i t h  e t h e r ,  f i l t e r e d  
and d r i e d ;  t h e  e t h e r e a l  e x t r a c t  c o n t a i n e d  s e v e r a l  i n s e p a r a b l e
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T ab le—7 . 2 4 - 1 .  A n a l y t i c a l  d a t a  f o r  t h e  e s t e r s  ( l ) .
0  COR ( I )
: R
; ( ( l )  f o r m u l a )
C r y s t a l l i s a t i o n
s o l y e n t
E l e m e n t a l  a n a l y s i s :  




l i g h t  p e t r o l e u m 8 4 . 0 5 7 . 6
( b .p .  60-80°C) ( 8 4 . 4 ) ( 7 . 6 )
C+N 97-98°C
Eton 84 . 95 7 . 9
(^3 0 -^3 4 0 2 ) ( 8 4 . 5 ) ( 8 . 0 )
n-C^HyOG^H^ 
C-^ N 139-140°G
t 81 . 3 7 . 3
(0 2 8 ^3 0 0 3 ) ( 8 1 . 1 ) ( 7 . 3 )
C^ N 120-121°C
Et OH 81 . 5 7 . 75
(^3 0 ^3 4 ^3 ) ( 8 1 . 4 ) ( 7 . 8 )
n_C6Hi20C6H4
C^N 115-11600
l i g h t  p e t r o l e u m 81 .2 7 . 8
(C31H36O3 ) ( b .p .  60-80°G) ( 8 1 . 5 ) ( 7 . 9 5 )
n-C^HyC^H^o
C->S 107-108°C
Eton 83 .1 9 .0
(G2 8B3 6 O2 ) ( 8 3 . 1 ) ( 9 . 0 )
^ ■ ^ 5% i ‘^ 6 % 0
C^S 87- 88°C
Eton 83 . 3 9 .3
^^30^ 40^2 ^ ( 8 3 . 3 ) ( 9 . 3 )
t  7 - P e n t y l - 2 - f l u o r e n y l  p - p r o p o x y b e n z o a t e  was p u r i f i e d  by 
c hr oma t og raphy  on s i l i c a  g e l  w i t h  c h l o r o f o r m  as  e l u a n t .
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components  (TLG : s i l i c a  g e l ;  c h l o r o f o r m )  and was d i s c a r d e d .
The r e m a i n i n g  s o l i d  was e x t r a c t e d  w i t h  c h l o r o f o r m ,  and t h e s e  
e x t r a c t s  were combined,  f i l t e r e d  and c h r o m a t o g r a p h e d  on s i l i c a  
g e l  w i t h  c h l o r o f o r m  as  e l u a n t ,  C r y s t a l l i s a t i o n  o f  t h e  f i r s t  
f r a c t i o n  f rom benzene  ( a f t e r  b o i l i n g  w i t h  c h a r c o a l )  gave t h e  
k e t o n e  ( l l )  ( O . l g ,  0 . 5 # ) ,  m.p.  254- 257°C;  iGAOcm'^ (G=0).
P r o t o n  n . m . r .  (60MHz; GDGl^) gave a m u l t i p l e t  (12H) a t  6 7 . 9  t o
7 . 1  ( a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  (4-H) a t  6 3 . 9  ( m e t h y l e n e  b r i d g e s )  
a t r i p l e t  (4H) a t  6 2 . 8  and a complex m u l t i p l e t  (18H) a t  6 1 . 8  to  
0.7ppm ( p e n t y l  s i d e  c h a i n s ) .   ^^G n . m . r .  (22.5MHz; GDGl^) gave 
t h e  c a r b o n y l  carbon peak  a t  6 l 6 7 ;  s i x  q u a t e r n a r y  a r o m a t i c  
c a r bo n  p ea k s  a t  6 1 4 4 . 7 ,  1 4 4 - 5 ,  1 4 3 . 2 ,  1 4 2 . 9 ,  1 3 8 . 2  and 1 3 6 . 2 ;  
s i x  a r o m a t i c  ca r bons  a t  ô 1 2 9 . 5 ,  1 2 7 . 4 ,  1 2 6 . 7., 1 2 5 , 2 ,  1 2 0 . 5  and 
1 1 8 . 9 ; '  s i x  a l i p h a t i c  ca rbon  peaks  ( i n c l u d i n g  t h e  m et hy l ene  
b r i d g e )  a t  6 3 6 . 8 ,  3 6 . 2 ,  3 1 . 5 ,  3 1 . 3 ,  2 2 . 6  and 14 .0ppm.  The 
mass s p e c t r u m  f o r  t h e  compound gave t h e  m o l e c u l a r  ion  peak  
measured  a t  m/z 4 98 . 29 27 ;  G^^H^gO r e q u i r e s  m/ë 498 .2 9 22 .
7 . 2 6  O x i d a t i o n  o f  2 - a c e t v l - 7 - o en t y l f l u o r e n e .
A f r e s h  s o l u t i o n  o f  sodium h y p o c h l o r i t e  c o n t a i n i n g  e x c e s s  
sodium h y d r o x i d e  was p r e p a r e d  by d i s s o l v i n g  t h e  l a t t e r  ( l 6 g ,  
0 .4 mb l )  i n  w a t e r  (50ml)  and a dd i n g  c r u s h e d  i c e  ( 5 0 g ) .  C h l o r i n e  
was b u b b l ed  t h r o u g h  t h e  s o l u t i o n  u n t i l  i t  had g a i n e d  7g i n  w e i g h t  
(O. lmol  c h l o r i n e ) .  The r e s u l t i n g  m i x t u r e  was d i l u t e d  w i t h  
w a t e r  (326ml)  g i v i n g  a s o l u t i o n  c o n t a i n i n g  sodium h y p o c h l o r i t e  
( O . l m o l ) ,  which was u s e d  t o  o x i d i s e  t h e  a c e t y l p e n t y l f l u o r e n e .
2 - A c e t y l - 7 - p e n t y l f l u o r e n e  ( i g ,  0. 003'6mol) was s u sp e n d e d  i n  
t h e  sodium h y p o c h l o r i t e  s o l u t i o n  (81g;  0 .018mol  NaOGl+0.036mol
NaOH) and t h e  m i x t u r e  was s t i r r e d  and h e a t e d  u n d e r  r e f l u x  u s i n g  
an a i r  c o n d e n s e r  (any c h l o r o f o r m  p ro du ce d  was t h u s  a l l o w e d  to  
e s c a p e ) .  The s o l i d  went  i n t o  s o l u t i o n  and a f t e r  5-10  m inu t e s  
a y e l l o w  s o l i d  p r e c i p i t a t e d ;  b u t  r e f l u x i n g  was c o n t i n u e d  f o r  
2 h o u r s .  When coo l  t h e  m i x t u r e  was s t i r r e d  w h i l e  s u l p h u r  
d i o x i d e  was b ubb led  t h r o u g h  u n t i l  t h e  s o l u t i o n  was a c i d ,  and t h e
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s o l i d  was t hen  f i l t e r e d  o f f  and washed w i t h  w a t e r .  The s o l i d  
was a l m o s t  i n s o l u b l e  i n  5# sodium c a r b o n a t e  (aq.) and i t  was 
c r y s t a l l i s e d  f rom me t hano l  t o  g i v e  a p r o d u c t  ( 0 . 3 3 g )  w i t h  b r o a d  
t r a n s i t i o n  t e m p e r a t u r e  r a n g e s  ( G-^N c a .  180 - 226  and ca .  2 2 6 -
2 3 6 ° 0 ) .  This  s o l i d  was s u b l i m ed  a t  190-195°G(iramHg) g i v i n g  a 
y e l l o w  s u b l i m a t e  ( O . l g )  b u t  no s i g n i f i c a n t  improvement  i n  t h e  
s h a r p n e s s  of  t h e  t r a n s i t i o n s  was o b t a i n e d .  TLG ( s i l i c a  g e l ;  
e t h y l  a c e t a t e )  i n d i c a t e d  t h e  p r e s e n c e  o f  f o u r  components  i n c l u d i n g  
some s t a r t i n g  m a t e r i a l  and t h e  i . r .  s p e c t r u m  gave bands  a t  ca .  
2600-2700cm ^ ( b r . ,  GOOH) and ca.  l660-1700cm~^ ( b r . ,  0=0) .  The 
c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  f o r  t h e  s t a r t i n g  m a t e r i a l  i s  1670 
cm . ;  any c a r b o x y l i c  a c i d  p r e s e n t  p r o b a b l y  g i v e s  a l o w e r  
c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  b ec a u s e  o f  hy dr og en  b o n d i n g .  The 
c a r b o n y l  b r i d g e  o f  a f l u o r e n o n e  compound t y p i c a l l y  g i v e s  
Vmax 1715-1720cm ^ and t h e  p r e s e n c e  o f  such  a compound (where  
t h e  m e t hy l en e  b r i d g e  has  been o x i d i s e d )  may a l s o  a c c o u n t  f o r  t h e  
b r o a d  c a r b o n y l  peak  i n  t h e  i . r .  s p e c t ru m  o f  t h e  s u b l i m e d  p r o d u c t .  
The r a t i o  o f  a r o m a t i c r p e n t y l  c ha i n  p r o t o n s  ( 6 : 1 1 )  i n  t h e  p r o t o n  
n . m . r .  (60MHz; GDGl^) s p e c t r u m  s u g g e s t s  t h a t  t h e  p e n t y l  c ha i n  
has  n o t  been o x i d i s e d .  The met hy l ene  b r i d g e  r e s o n a n c e  i n t e ­
g r a t e d  f o r  o n l y  one p r o t o n  which i s  f u r t h e r  e v i d e n c e  f o r  a 
f l u o r e n o n e  component  i n  t h e  m i x t u r e .
7 . 2 7  7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  : h y d r o l y s i s  o f  
2 - c y a n o - 7 - o e n t y l  f l u o r e n e .
2 -Cyan0 - 7 - p e n t y l f l u o r e n e  ( l 2 g ,  0 .046mol )  was s u s p e n d e d  i n  
70# w/w s u l p h u r i c  a c i d  and t h e  m i x t u r e  was h e a t e d  a l m o s t  t o  
b e l l i n g  f o r  ca .  30 m in ut e s  ( r e f l u x i n g  was n o t  p o s s i b l e  owing t o  
e x c e s s i v e  f r o t h i n g ) .  When c o o l ,  t h e  s o l i d  cake t h a t  had f o rmed  v 
was br oken  up,  washed w i t h  w a t e r  and d r i e d .  Two c r y s t a l l i s a t i o n s  
f rom e t h a n o l  gave a s o l i d  ( 6 . 2 g ,  48 #) ,  G^N ca .  184-197°G;
34 0 0 , 3175cm"^ (-NH^) and l640cm"^ ( 0 =0 ) .  This  was i d e n t i f i e d  
as  7 - p e n t y l f l u o r e n e - 2 - c a r bo x am i d e  b u t  was n o t  p u r i f i e d  o r  
c h a r a c t e r i s e d  f u r t h e r .
The amide (6g,  0 . 02mol )  was s u sp e n d e d  i n  a m i x t u r e  o f  30# 
sodium h y d r o x i d e  s o l u t i o n  (250ml)  and e t h a n o l  (2 00ml ) ,  and t h e  
r e s u l t i n g  s u s p e n s i o n  was h e a t e d  u n d e r  r e f l u x  f o r  24 h o u r s .  The 
r e a c t i o n  m i x t u r e  was a c i d i f i e d  w i t h  conc.  h y d r o c h l o r i c  a c i d ,  
which  p r e c i p i t a t e d  some more s o l i d ,  and t h e  combined s o l i d s  were  
f i l t e r e d ,  washed wi th,  w a t e r  and d r i e d .  A. sampl e  o f  t h e  s o l i d  was
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combus t ed  in  a h o t  bunsen f l a m e ,  b u t  a l a r g e  r e s i d u e  r e m a in ed  
i n d i c a t i n g  t h a t  t h e  p r o d u c t  had n o t  been s u c c e s s f u l l y  a c i d i f i e d .
In o r d e r  t o  a c h i e v e  a c i d i f i c a t i o n ,  t h e  s o l i d  was d i s s o l v e d  i n  
h o t  g l a c i a l  a c e t i c  a c i d  g i v i n g  a c l oudy  s o l u t i o n  which was 
f i l t e r e d  and t h e  h o t  f i l t r a t e  was s t i r r e d  w h i l e  conc .  h y d r o c h l o r i c  
a c i d  was added s l o w l y  u n t i l  no more p r e c i p i t a t e  f o rm ed .  When 
t h e  m i x t u r e  was c o o l ,  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed 
w i t h  w a t e r  and d r i e d  g i v i n g  7- p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  
(5g,  39# f rom t h e  c y a n o p e n t y l f l u o r e n e  ) ,  C-^N 200- 203°C.  A p o r t i o n  
( i g )  o f  t h e  a c i d  was c r y s t a l l i s e d  f rom benzene  g i v i n g  a p u re  
sample  ( 0 . 8 g ) ,  C-^N 202-203°C (Found;  C, 8 1 . 6 ;  H, 7 . 1 5 .
‘^ 19^20^2 r e q u i r e s  C, 8 1 . 4 ;  H, 7 . 2 # ) ?  ca .  2600cm"^ ( b r . ,
-OH) and l 680cm“^ (C=0).  P r o t o n  n . m . r .  (60MHz; d^ DMSO) gave 
a complex m u l t i p l e t  (7H) a t  6 8 .1 5  t o  7 . 2  ( a r o m a t i c  p r o t o n s  
masking  GO^H p r o t o n ) ,  a s i n g l e t  (2H) a t  ô 3 . 9 ,  a t r i p l e t  (2H) a t  
6 2 . 6 5  and a complex m u l t i p l e t  (9H) a t  6 1 . 8  t o  O.Sppm. I t  was 
n o t  p o s s i b l e  t o  d i s s o l v e  t h e  a c i d  i n  aqueous  sodium,  p o t a s s i u m  
o r  ammonium h y d r o x i d e ;  p r e s um a b l y  i t s  a l k a l i  m e t a l  s a l t s  a r e  v e r y  
i n s o l u b l e  i n  w a t e r ,  and t h i s  a c c o u n t s  f o r  t h e  d i f f i c u l t y  e x p e r i e n c e d  
i n  l i b e r a t i n g  t h e  a c i d  f rom i t s  sodium s a l t  i n  an aqueous  medium.
7 . 2 8  7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c .  a.cid : r e a c t i o n  o f  2 - a c e t y l - 7 -
p e n t y l f l u o r e n e  w i t h  i o d i n e  f o l l owed ,  by h y d r o l y s i s .
2 - A c e t y l - 7 - p e n t y l f l u o r e n e  ( 3 0 . 9 8 g ,  O . l l l m o l )  and i o d i n e  
( 2 8 . 8 8 g ,  O . l l k m o l )  were s u sp en de d  i n  d ry  p y r i d i n e  (175 ml) and 
t h e  m i x t u r e  was s t i r r e d  a t  ca .  100°G f o r  2 h o u r s .  10# P o t a s s i u m  
h y d r o x i d e  s o l u t i o n  ( 420ml) was added t o  t h e  m i x t u r e  which  was t h e n  
h e a t e d  u n d e r  r e f l u x  f o r  5 h o u r s .  The s o u r c e  o f  h e a t  was remoyed 
and s t i r r i n g  c o n t i n u e d  w h i l e  conc .  h y d r o c h l o r i c  a c i d  was added  t o  
t h e  h o t  s o l u t i o n  t o  pH 1 .  A brown p r e c i p i t a t e  was o b t a i n e d  which  
was f i l t e r e d  when c o o l ,  washed w i t h  w a t e r  and a l l o w e d  t o  d r y .
Two c r y s t a l l i s a t i o n s  f rom b e n z e n q ( c h a r c o a l ) g a v e  7 - p e n t y l f l u o r e n e -  
2 - o a r b o x y l l c  a c i d  ( I 4 . 9 1 g ,  i 8 % ) ,  C+N 203-204°C.
7 . 2  9 7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d :  e s t e r s  w i t h
2 - p e n t y l p h e n o l  and £ - c y a n o p h e n o l .
The pen t y l f l u o r e n e  c a r b o x y l i c  a c i d  (4.1 g , 0 . 01 5mol )  was 
c o n v e r t e d  i n t o  i t s  a c i d  c h l o r i d e  by h e a t i n g  u n d e r  r e f l u x  w i t h  
t h i o n y l  c h l o r i d e  (21ml,  0 . 286mol )  o v e r n i g h t .  Excess  o f  t h i o n y l  
c h l o r i d e  was removed by r o t a r y  e v a p o r a t i o n  and t h e  s o l i d  r e s i d u e
214.
was d r i e d  u nd e r  r e d u c e d  p r e s s u r e  o v e r  sodium h y d r o x i d e .  
C r y s t a l l i s a t i o n  f rom l i g h t  p e t r o l e u m  ( b . p .  60 - 80°C) gave 
7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  c h l o r i d e  ( 3 . 5 3 g ,  7 9 # ) ,  m.p.  
75-76°C (Found:  C, 7 7 . 6 5 ;  H, 6 . 5 .  G^^H^gClO r e q u i r e s  G,
7 6 . 4 ;  H, 6 .4%) .
2 - n - P e n t y l p h e n o l  ( l . 9 7 g ,  0 . 012mol)  was d i s s o l v e d  i n  p y r i d i n e  
( l 5ml) and t o  i t  was added a s o l u t i o n  o f  t h e  f r e s h l y  p r e p a r e d  
a c i d  c h l o r i d e  ( 3 . 5 g ,  0 . 012mol )  i n  warm p y r i d i n e  ( 20 ml ) .  The 
m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  ca .  70°C t h e n  p o u re d  i n t o  c o l d  
w a t e r  (300ml)  w i t h  s t i r r i n g .  The r e s u l t i n g  s u s p e n s i o n  was 
f i l t e r e d ,  and t h e  p r e c i p i t a t e  was washed w i t h  5M h y d r o c h l o r i c  
a c i d ,  f o l l o w e d  by w a t e r ,  and d r i e d .  C r y s t a l l i s a t i o n  f rom 
e t h a n o l  gave £ - n - p e n t y l p h e n y l  7 - p e n t y l - 2 - f l u o r e n e c a r b o x y l a t e  
( 2 . 6 4 g ,  5 2#) ,  C>S 113-114°C (Found:  C, 8 5 . 0 ;  H, 8 . 0 .
C30H3 4 O2 r e q u i r e s  C, 8 4 . 5 ;  H, 8 . 0 # ) .  P r o t o n  n . m . r .  (60MHz; 
CDCl^) gave a complex m u l t i p l e t  (lOH) a t  ô 8 .4  t o  7 . 2 ,  a s i n g l e t  
(2H) a t  6 3 . 9 , two s up er im po se d  t r i p l e t s  (4H) a t  6 2 . 7  (two 
Ar-CH^ m o i e t i e s )  and a complex m u l t i p l e t  ( I 8H) a t  6 1 . 9  to  
0.8ppm (two CH^(CH2 )^ m o i e t i e s ) .
The same method was u se d  t o  p r e p a r e  p - c y a n o p h e n y l  7 - p e n t y l -  
2 - f l u o r e n e c a r b o x y l a t e ,  C^N 141-142°C (Found:  0 ,  8 2 . 0 5 ;  H, 6 . 1 ;
N, 3 . 6 .  G2 /H22NO2 r e q u i r e s  0,  8 1 . 8 5 ;  H, 6 . 1 ;  N, 3 . 7 # ) ;
v^ ax  2220cm“^ (Ce n ) and 1730cm"" ( 0=0) .
7 .3 0  7 - P e n t y l - 2 - f l u o r e n y l  p - b r o m o b e n z o a t e .
p - Br omobenzoy l  c h l o r i d e  ( 2 . 1 2 g ,  0 . 0097mol )  was t a k e n  up i n  
p y r i d i n e  ( lOml)  whereupon a white,  p r e c i p i t a t e  f o rmed .  The 
m i x t u r e  was h e a t e d  g i v i n g  a c l e a r  s o l u t i o n  which was added  t o  
a s t i r r e d  s o l u t i o n  of  2 - h y d r o x y - 7 - p e n t y l f l u o r e n e  ( 2 . 4 3 g ,  0 . 009 7  
mol)  i n  p y r i d i n e  ( lOml ) .  The m i x t u r e  was s t i r r e d  o v e r n i g h t ,  
p o u r e d  i n t o  w a t e r  (200ml)  and t h e  r e s u l t i n g  p r e c i p i t a t e  was 
washed w i t h  d i l .  h y d r o c h l o r i c  a c i d  f o l l o w e d  by w a t e r .  C r y s t a l l ­
i s a t i o n  f rom e t h a n o l  gave 7 - p e n t y l - 2 - f l u o r e n y l  p - b r o m o b e n z o a t e  
( l . 0 5 g ,  2 5 # ) .  C+S 145-146°C (Found:  C, 6 9 . 1 ;  H, 5 . 3 .
G25%23Br02 r e q u i r e s  G, 6 9 . 0 ;  H, 5 . 3 5 # ) ;  1720cm"l  (G=0).
P r o t o n  n . m . r .  (60MHz; GDGl^) gave a complex m u l t i p l e t  (lOH) 
a t  6 8 . 1 5  t o  7 . 1 ,  s i n g l e t  (2H) a t  6 3 . 9 ,  a t r i p l e t  (2H) a t  ô 
2 . 7  and a complex m u l t i p l e t  (9H) a t  6 1 . 8  t o  0.8ppm.
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7 . 31  1 - P h e n y l - 4 - n - p r o p y l - l - c y c l o h e x e n e .
Magnesium t u r n i n g s  ( 6 . 3 1 g ,  0 .26raol )  were  p l a c e d  i n  a d r y  
1£ 3 - n e c k e d  f l a s k  f i t t e d  w i t h  d ou bl e  s u r f a c e  r e f l u x  c o n d e n s e r ,  
c a l c i u m  c h l o r i d e  d r y i n g  t u b e  and d r o p p i n g  f u n n e l  (one n e c k  was 
s t o p p e r e d ) .  A s o l u t i o n  o f  f r e s h l y  r e d i s t i l l e d  bromobenzene  
( b . p .  154-155°C;  4-0.82g,  0 . 26mol)  i n  sodium d r i e d  e t h e r  (250ml)
was p l a c e d  i n  t h e  d r o p p i n g  f u n n e l  and enough was added t o  c o y e r  
t h e  magnesium i n  t h e  f l a s k .  The r e a c t i o n  was i n i t i a t e d  by 
s c r a t c h i n g  w i t h  a g l a s s  r o d ,  and t h e  r e m a i n i n g  bromobenzene  was 
added  so t h a t  t h e  e t h e r  was g e n t l y  r e f l u x i n g .  When t h e  a d d i t i o n  
was c o m p l e t e ,  t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  f o r  one h o u r .
I t  was t h e n  c o o l e d  i n  an i c e / s a l t  b a t h  and 4 - n - p r o p y l c y c l o h e x a n o n e  
( 3 6 . 4g,  0 . 26mol )  i n  e t h e r  (25ml)  was added d r o p w i s e  w i t h  s t i r r i n g  
k e e p i n g  t h e  t e m p e r a t u r e  below 10°G.  The r e s u l t i n g  m i x t u r e  was 
h e a t e d  u n d e r  r e f l u x  f o r  2 . 7 5  h o u r s ,  c o o l e d  i n  an i c e / w a t e r  b a t h  
and p o u r e d  i n t o  c r u s h e d  i c e  (200g)  and ammonium c h l o r i d e  (60g)  
i n  w a t e r  (300ml)  w i t h  s t i r r i n g .  The e t h e r  l a y e r  was s e p a r a t e d ,  
washed w i t h  10# s u l p h u r i c  a c i d ,  f o l l o w e d  by w a t e r ,  and d r i e d  
o y e r  a n h yd r ou s  sodium s u l p h a t e .  E v a p o r a t i o n  o f  t h e  e t h e r  gave 
a y i s c o u s  l i q u i d  which was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  
( c a .  ImmHg); a f r a c t i o n  was o b t a i n e d  ( 9 . 6 g ;  2 6 # ) ,  b . p .  7 0- 130 ^0 ,
which c o n s i s t e d  main ly  o f  t h e  s t a r t i n g  m a t e r i a l  4 - -n - p r o p y l -  
c y c lo h e x a n o n e  (TLG: s i l i c a  ' g e l ;  l i g h t  p e t r o l e u m  ( b . p .  60-80°G)
85#,  e t h e r  1 5 # ) .  A second f r a c t i o n  ( 3 1 . 5 g ) ,  b . p .  1 3 0 - l 6 5 ° G ,  
was shown by TLG t o  c o n s i s t  of  f o u r  component s .  Th i s  m i x t u r e  
was c h r o m a t o gr a ph ed  on s i l i c a  g e l  w i t h  l i g h t  p e t r o l e u m  ( b . p .  
60-80°G) as  e l u a n t ,  and t h e  f a s t e s t  r u n n i n g  f r a c t i o n  was s e p a r a t e d  
g i v i n g  l - p h e n y l - 4 - n - p r o p y l - l - c y c l o h e x e n e  ( l 6 5 g ,  3 2 # ) ,  b . p .  
lOO-l lO^G (immHg) which i s  a known c o m p o u n d . T h e  i . r .  s p e c t r u m  
gave bands  a t  l 6 4 5 c m " ^ ( o l e f i n i c  G=G), l 6 l Oc m“^ ( benzene  -G=G-) 
and a s t r o n g  band a t  1500cm"^;  t h e  i . r .  s p e c t r u m  o f  1 - p h e n y l -
1 - c y c l o h e x e n e  (which i s  c o m m e r c i a l l y  a v a i l a b l e )  gave t h e  same 
t h r e e  b an ds .  P r o t o n  n . m . r .  (60MHz; GDGl^) gave a s i n g l e t  (5H) 
a t  6 7 . 3  ( p h e n y l  p r o t o n s ) ,  a b road  u n r e s o l v e d  t r i p l e t  ( IH) a t  ô
6 . 1  ( o l e f i n i c  p r o t o n )  and a b r oad  complex s e r i e s  o f  p eaks  (14-H) 
a t  6 3 . 0  t o  O.Sppm ( c y c l o h e x e n e  and p r o p y l  s i d e  c h a i n  a l i p h a t i c  
hydr ogen  a t o m s ) .
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F u r t h e r  e l u t i o n  o f  t h e  c h r o m at o gr ap hy  column f a i l e d  t o  
a c h i e v e  s e p a r a t i o n  o f  t h e  r e m a i n i n g  components  of  t h e  p r o d u c t  
m i x t u r e .  However,  one of  t h e  r e m a i n i n g  components  was i d e n t i ­
f i e d  as  t h e  cy c l o he xa no ne  s t a r t i n g  m a t e r i a l  by TLG and i . r .
(^max ^720cm ^ ( s ) ,  G=0 s t r e t c h ) .
7 . 3 2  R e d u c t i o n  o f  7 - o e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  w i t h
sodium i n  i s o - a m y l  a l c o h o l .
7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  (2g ,  0 . 0071mol )  was 
t a k e n  up i n  i s o - a m y l a l c o h o l  (200ml;  d r i e d  by d i s t i l l i n g  o f f  
s o l y e n t  u n t i l  t h e  d i s t i l l a t i o n  t e m p e r a t u r e  r e a c h e d  129°G) and 
t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x .  Sodium ( c a .  13g,  0 . 565mol )  
was added  t o  t h e  b o i l i n g  s o l u t i o n  o ve r  a p e r i o d  o f  4 h o u r s .  At 
f i r s t ,  a g e l a t i n o u s  p r e c i p i t a t e  was f o rmed ,  b u t  t h i s  r e d i s s o l v e d  
as  t h e  a d d i t i o n  o f  sodium c o n t i n u e d .  When a l l  t h e  sodium had 
d i s s o l v e d ,  t h e  s o l u t i o n  was s t i r r e d  and a l l o w e d  t o  co o l  t o  ca .  
105°G.  Water  (200ml)  was c a u t i o u s l y  added t o  t h e  m i x t u r e  which  
was a g i t a t e d  u n t i l  two d i s t i n c t  l a y e r s  were o b t a i n e d .  The 
aqueous  l a y e r  c o n t a i n e d  no o r g a n i c  m a t e r i a l ,  so t h e  amyl a l c o h o l  
l a y e r  was s e p a r a t e d ,  d i l u t e d  w i t h  i t s  own volume o f  e t h e r  and 
washed w i t h  d i l .  h y d r o c h l o r i c  a c i d  f o l l o w e d  by w a t e r .  The wet  
o r g a n i c  l a y e r  was t he n  e v a p o r a t e d ,  f i r s t  u n d e r  w a t e r  pump 
vacuum and t h e n  un d er  o i l  pump vacuum t o  g i v e  a s y r u p y  amber 
l i q u i d .  An a t t e m p t  t o  d i s t i l  t h i s  a t  ImmHg p r e s s u r e  f a i l e d  
b e c a u s e  t h e  b o i l i n g  p o i n t  was to o  h i g h ,  so t h e  l i q u i d  was 
c h r o m a t o g r a p h e d  on s i l i c a  g e l  w i t h  c h l o r o f o r m  as  e l u a n t  t o  g i v e  
a gum ( l . O g )  which  c r y s t a l l i s e d  o v e r n i g h t .  A p o r t i o n  o f  t h i s  
( 0 . 7 g )  was d i s s o l v e d  in  a minimum volume o f  p e n t a n e ,  f i l t e r e d  
and c o o l e d  i n  a dry  i c e / a c e t o n e  b a t h  t o  c a . - 6 5 ° G .  R e p e a t e d  
s c r a t c h i n g  gave a p a l e  g r een  s o l i d  ( 0 . 1 8 g )  which was c r y s t a l l i s e d  
f rom aqueous  e t h a n o l  t h r e e  t i m e s  g i v i n g  t h e  p r o d u c t  ( O . l l g ,  5 # ) ,  
m.p.  126-130°C (Found:  C, 8 2 . 7 ;  H, 9 .7%) ;  2650cm"^
( b r . ,  c a r b o x y l  OH s t r e t c h ) ;  1700cm"^ ( 0 =0 ) .  P r o t o n  n . m . r .  
(90MHz; GDGl^) gave a b r oad  s i n g l e t  ( IH) a t  6 1 1 . 6  (GO^H), a 
complex m u l t i p l e t  (5H) a t  6 7 . 3  t o  6 . 9  and a complex s e r i e s  o f  
p eak s  (31H) a t  6 3 . 0  t o  0.8ppm. ^®G n . m . r .  (22.5MHz; GDGl^)
gave peaks  a t  ô 1 8 1 . 9  and 181.8ppm (GO^H); t h e  p r e s e n c e  o f  two 
such  p eak s  s u g g e s t s  t h a t  t h e  p r o d u c t  i s  a m i x t u r e .  S i m i l a r l y ,  
t h e  a r o m a t i c  r e g i o n  o f  t he  s p e c t r u m  gave ca .  15 peaks  a t  6 1 4 7 . 2  
t o  117.3ppm which a r e  d i f f i c u l t  t o  a s s i g n  on t h e  b a s i s  o f  a 
s i n g l e  s t r u c t u r e .  The a l i p h a t i c  r e g i o n  o f  t h e  s p e c t r u m  gave
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c a .  25 l i n e s  a t  6 50 .8  t o  14-.0ppm. As a c o m p a r i s o n ,  t h e   ^®0 
n . m . r .  (22.5MHz; d6 DMSO) s p e c t ru m  was o b t a i n e d  f o r  t h e  s t a r t i n g  
m a t e r i a l ,  7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d .  Thi s  gave p ea ks  
a t  6 1 6 7 . 4  (COgH); 6 1 4 5 . 3 ,  1 4 4 . 2 ,  1 4 2 . 7 ,  1 4 2 . 3 ,  1 3 7 . 6 ,  1 2 8 . 5 ,  
1 2 8 . 3 ,  1 2 6 . 9 , 1 2 5 . 8 , 1 2 4 . 8 , 1 2 0 .3  and 1 1 9 . 1  ( a r o m a t i c  ca rbon  
a t o m s ) ;  6 3 6 . 1 ,  3 5 . 2 ,  3 0 . 8 ,  3 0 . 4 , 2 1 . 7  and 13.5ppm ( a l i p h a t i c  
ca rbon  atoms i n c l u d i n g  me t hy len e  b r i d g e ) .
7 .33  H y d r o g e n a t i o n  o f  7 - p e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d .
7 - P e n t y l f l u o r e n e - 2 - c a r b o x y l i c  a c i d  ( i g ,  0 . 0036mol )  was 
s u s p en d ed  i n  A n a l a r  g l a c i a l  a c e t i c  a c i d  ( l5 0 m l )  a l o n g  w i t h  
PtO^.H^O ( O . l g ,  "Adams c a t a l y s t " )  in  a 500ml 2 - n e c k e d  f l a s k .
To one n e c k  a q u i c k f i t  t a p  was f i r m l y  a t t a c h e d  w h i l e  t h e  o t h e r  
n e c k  was c o n n e c t e d  t o  a s i mp l e  a t m o s p h e r i c  p r e s s u r e  h y d r o g e n a t o r  
( f i g .  7 . 3 3 - 1 ) .  The u p t a k e  o f  hydrogen  was measured  f rom t h e  
change i n  t h e  l e y e l  o f  l i q u i d  ( d i l .  cop pe r  s u l p h a t e  s o l u t i o n )  
in  m ea s u r i n g  c y l i n d e r  A. Water  was run  t h r o u g h  c o n d e n s e r  B t o  
p r e y e n t  a c e t i c  a c i d  y apour  e n t e r i n g  . c y l i n d e r  A. The s ys t em 
was i n i t i a l l y  f l u s h e d  w i t h  hydrogen by o pen in g  t a p  C t o  a i r  and 
t a p  D t o  h y d r og en ,  k e e p i n g  t a p  E open.  Then t a p  C was c l o s e d  
and hydrogen  b ubb led  i n t o  c y l i n d e r  A u n t i l  r e s e r y o i r  F was f u l l .  
Tap D was t h e n  c l o s e d  so t h a t  s t i r r i n g  o f  t h e  r e a c t i o n  m i x t u r e  
c o u l d  commence. The r e a c t i o n  m i x t u r e  was s t i r r e d  and h e a t e d  
a t  ca .  70°G u n t i l  t h e  a b s o r p t i o n  of  hydrogen  c e a s e d  ( c a .  3 d a y s ) ;Q
t h e  t o t a l  yolume o f  hydrogen  a b s o r b e d  was ca .  260 cm ( 0 . 0 1 0 8 m o l ,  
3 e q u i v a l e n t s )  and TLG ( s i l i c a  g e l ;  c h l o r o f o r m  95#,  m e t han ol  5#) 
i n d i c a t e d  t h a t  no s t a r t i n g  m a t e r i a l  was p r e s e n t .  The m i x t u r e  
was t h e n  f i l t e r e d  t o  remove p l a t i n u m  and e v a p o r a t e d  a t  o i l  pump 
p r e s s u r e  t o  g i v e  a s o l i d  r e s i d u e  ( 0 . 9 7 g ) .  Th i s  was c h r o m a t o ­
g r aph ed  on s i l i c a  g e l  w i t h  c h l o r o f o r m  as  e l u a n t  g i v i n g  a gummy 
s o l i d  ( 0 . 4 g )  which c o n s i s t e d  o f  s e v e r a l  components  (TLG). 
G r y s t a l l i s a t i o n  f rom methanol  gave w h i t e  c r y s t a l s  ( 0 . 2 g ) ,  m.p.  
122-157°G;  2650cm"^ ( b r . , c a r b o x y l  OH) and 1690cm ^ ( 0=0 ) .
No f u r t h e r  a t t e m p t  was made t o  p u r i f y  t h e  p r o d u c t .











7.34- 2 - A c e t y l -  7 - b r o  mo f l u o r e n e  .
2 - B r o m o f l u o r e n e  ( 2 4 - 6?g,  O. lOlmol )  was a c y l a t e d  w i t h  a c e t y l  
c h l o r i d e  (8ml ,  O . l l l m o l )  u s i n g  t h e  method g i v en  i n  s e c t i o n  7 . 1 .  
C r y s t a l l i s a t i o n  o f  t h e  p r o d u c t  f rom e t h a n o l  gave 2 - a c e t y l - 7 -  
b r o m o f l u o r e n e  ( l 7 g ,  59%), m.p.  144-145°C (Found:  C, 6 2 . 7 ;  K,
3 . 8 .  0-, -, BrO r e q u i r e s  C, 6 2 . 7 ;  H, 3 . 9%) ;  v l675cm"^ (0 = 0 ) .
-L  V  _L_L m 3 . X
P r o t o n  n . m . r .  (60MHz; CDCl^) gave a complex m u l t i p l e t  (6H) a t  
6 8 . 1  t o  7 . 5 ,  a s i n g l e t  (2H) a t  6 3 . 9  and a s i n g l e t  (3H) a t  6 
2.65ppm (COCH-).
7 . 3 5  7 - B r o m o f l u o r e n e - 2 - c a r b o x y l i c  a c i d .
2 - A c e t y l - 7 - b r o m o f l u o r e n e  ( l 6 g ,  0 .056mol )  was t r e a t e d  w i t h  
i o d i n e  ( l 4 . 5 3 g ,  0 . 57mol )  i n  p y r i d i n e  (90ml)  u s i n g  t h e  c o n d i t i o n s  
g i v en  i n  s e c t i o n  7 . 2 8 .  H y d r o l y s i s  w i t h  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n  f o l l o w e d  by a c i d i f i c a t i o n  gave a s o l i d  p r o d u c t  which  
was e x t r a c t e d  w i t h  b o i l i n g  g l a c i a l  a c e t i c  a c i d  (6 00ml ) .  The 
d a r k  c o l o u r e d  e x t r a c t s  were b o i l e d  w i t h  c h a r c o a l ,  f i l t e r e d  and 
a l l o w e d  t o  c r y s t a l l i s e  g i v i n g  7 - b r o m o f l u o r e n e - 2 - c a r b o x y l i c  a c i d  
( 3 . 2 8 g ,  20%),  m.p.  325-328°C (decomp. ,  c o p i ou s  s u b l i m a t i o n ) ;
Vmax 2600cm"^ ( b r . ,  c a r b o x y l  OH) and l680cm ^ ( 0 =0) .  P r o t o n  
n . m . r .  (60MHz; d^ DMSO) gave a complex m u l t i p l e t  (6H) a t
8 . 2  t o  7 . 5  ( a r o m a t i c  p r o t o n s )  and a s i n g l e t  (2H) a t  ô 4 . 0  
( me t hy l en e  b r i d g e ) ;  t h e  c a r b o x y l i c  a c i d  p r o t o n  d i d  n o t  g i v e  a 
v i s i b l e  p ea k .  A p o r t i o n  o f  t h e  a c i d  was s u b l i m e d  u n d e r  r e d u c e d  
p r e s s u r e  ( c a .  ImmHg) a t  ca .  250°C g i v i n g  t h e  p r o d u c t  as  a f i n e  
y e l l o w  powder ,  m.p.  335-338°C (decomp. ,  s u b l i m a t i o n )  (Found:
G, 5 7 . 6 5 ;  H, 3 . 0 .  C^.H^BrOg r e q u i r e s  C, 5 8 . 1 5 ;  H, 3 . 1%) .
7 .36  O x i d a t i o n  o f  7 - b r o m o f l u o r e n e - 2 - c a r b o x y l i c  a c i d :  a t t e m p t e d
p r e p a r a t i o n  o f  7 - b r o m o f l u o r e n o n e - 2 - c a r b o x y l i c  a c i d .
7 - B r o m o f l u o r e n e - 2 - c a r b o x y l i c  a c i d  ( i g ,  0 . 0035mol )  was d i s s o l v e d  
by s t i r r i n g  i n  r e f l u x i n g  g l a c i a l  a c e t i c  a c i d  ( l 5 0 m l ) .  Sodium 
d i c h r o m a t e  d i h y d r a t e  ( l . 0 5 g ,  0 . 0035mol )  i n  h o t  g l a c i a l  a c e t i c  
a c i d  (10ml)  was added d r op w is e  t o  t h e  m i x t u r e  and t h e  r e s u l t i n g  
s o l u t i o n  was h e a t e d  u n de r  r e f l u x  f o r  two d ay s .  I t  was t hen  
p ou r ed  i n t o  i c e / w a t e r  ( 400ml) and t h e  r e s u l t i n g  s u s p e n s i o n  
s t i r r e d  f o r  5 h o u r s .  The s u s p e n s i o n  was f i l t e r e d  and washed 
w i t h  d i l .  s u l p h u r i c  a c i d ,  f o l l o w e d  by w a t e r ,  g i v i n g  a y e l l o w  
s o l i d  ( 0 . 8 8 g ) ,  m.p.  ca .  330-333°C (decomp. ,  c o p i o u s  s u b l i m a t i o n ) ;
V 2650cm“^ ( b r . ,  c a r b o x y l  OH) and 1700cm"^ ( f l u o r e n o n emax
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c a r b o n y l  b r i d g e ) .  C r y s t a l l i s a t i o n  f rom aqueous  DMSO gave 
a p r o d u c t  ( 0 . 3 g ) ,  m.p.  > 300°C ( decomp. ,  s u b l i m a t i o n )  which 
c o n s i s t e d  of  a m i x t u r e  o f  t h e  r e q u i r e d  f l u o r e n o n e  and t h e  
b r o m o f l u o r e n e c a r b o x y l i c  a c i d  s t a r t i n g  m a t e r i a l ;  h ence  t h e  
p r o t o n  n . m . r .  (60MHz; d^ DMSO) o f  t h e  m a t e r i a l  gave a s m a l l  
p ea k  a t  ô 4 . Oppm owing t o  t h e  r e m a i n i n g  u n o x i d i s e d  m e t h y l e ne  
b r i d g e  p r o t o n s .  The p r e s e n c e  of  b r o m o f l u o r e n o n e c a r b o x y l i c  
a c i d  was c o n f i r me d  by t h e  mass s p e c t r u m  which  gave t h e  m o l e c u l a r  
i on  p eak s  a t  m/z 302 and 304.  S e p a r a t i o n  of  t h e  two components  
c o u l d  n o t  be a c h i e v e d  by c r y s t a l l i s a t i o n  f rom aqueous  DMSO, and 
t h e  m i x t u r e  was too i n s o l u b l e  in  t h e  common o r g a n i c  s o l v e n t s  t o  
be p u r i f i e d  by c h r om a t og ra ph y .
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8.  Conclus  i o n s .
The e f f e c t  of  i n c o r p o r a t i n g  a m e t hy l en e  b r i d g e  i n t o  t h e  
b i p h e n y l  core  o f  mesogenic  compounds can be a s s e s s e d  by compar ing  
t h e  2 - a l k y l - 7 - c y a n o - f l u o r e n e s  w i t h  a n a l o g o u s  4 - a l k y l - 4 ' - c y a n o -  
b i p h e n y l s . i  In t h e  homologues  s t u d i e d  ( p e n t y l ,  h e x y l ,  h e p t y l  
and o c t y l ) ,  i n c o r p o r a t i o n  o f  t h e  m e t h y l en e  b r i d g e  h as  r e s u l t e d  
in an a v e r a g e  r e d u c t i o n  o f  N->I t r a n s i t i o n  t e m p e r a t u r e  of  ca.
11 C. Al though  t h e  f l u o r e n e  n u c l e u s  has  a g r e a t e r  p o l a r i s a b i l i t y  
t h a n  t h e  b i p h e n y l  n u c l e u s ,  i t s  r i n g - a l k y l  and r i n g - c y a n o  bonds i n  
t h e  a l k y l c y a n o f l u o r e n e  compounds a r e  n o t  c o l l i n e a r  and t h e  me thy­
l e n e  b r i d g e  b r o a de ns  t h e  m o l e c u l e s .  This  b r o a d e n i n g  p r o b a b l y  
i n c r e a s e s  t h e  s e p a r a t i o n  be tween t h e  m o l e c u l e s  and w i l l  r e d u c e  
t h e  s t a b i l i t y  o f  a n t i - p a r a l l e l  p a i r i n g  which  i s  an e f f e c t  t h a t  
n o r m a l l y  enhances  n e m a t i c  t h e r m a l  s t a b i l i t y  f o r  t e r m i n a l  cyano 
s u b s t i t u t e d  mesogens.  Ano t her  p o s s i b l e  f a c t o r  i s  t h e  g r e a t e r  
r i g i d i t y  o f  t h e  f l u o r e n e  mo ie ty  when compared t o  t h e  b i p h e n y l  
m o i e t y .  Al t hough  t h i s  i s  n o t  l i k e l y  t o  be a c o n t r o l l i n g  
i n f l u e n c e ,  v e r y  r i g i d  m o l e c u l a r  co r es^  a r e  known t o  r e d u c e  t h e  
t h e r m a l  s t a b i l i t y  o f  n e m a t i c  p h a s e s .
The r e d u c t i o n  i n  N-^I t r a n s i t i o n  t e m p e r a t u r e  r e s u l t i n g  f rom 
i n c o r p o r a t i o n  o f  t h e  m et hy l ene  b r i d g e  i n t o  t h e  b i p h e n y l  co r e  o f  
t h e  m o l e c u l e s  i s  n o t  g r e a t  enough t o  be c o n s i d e r e d  a s e r i o u s  
d i s a d v a n t a g e  i n  t h e  c o n t e x t  o f  a s e a r c h  f o r  new l i q u i d  c r y s t a l  
d i s p l a y  ( L . C . D . )  m a t e r i a l s .  However ,  t h e  m e l t i n g  p o i n t s  o f  t h e  
f l u o r e n e  compounds a r e  a l l  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  of  
t h e i r  b i p h e n y l  c o u n t e r p a r t s ,  and t h i s  l i m i t s  t h e  r a n g e  o f  t e m p ­
e r a t u r e  ov er  which n e m a t i c  p h a s e s  can be o b t a i n e d .  Hence t h e  
f l u o r e n e  m i x t u r e  FI ( d e s c r i b e d  i n  s e c t i o n  5 . 1 . 3 )  has  a C^N 
t r a n s i t i o n  t e m p e r a t u r e  r a nge  o f  12-22°G w h i l e  t h e  a n a l o g o u s  
b i p h e n y l  m i x t u r e  B1 has  a v a l u e  o f  7°C as  t h e  u p p e r  l i m i t  of  t h e  
C^H r a n g e ;  t h e  f l u o r e n e  m i x t u r e  t h u s  shows a g r e a t e r  t e n d e n c y  t o  
c r y s t a l l i s e  a t  a m b i en t  t e m p e r a t u r e s .
Where t h e  m o l e cu l e s  i n c o r p o r a t i n g  t h e  f l u o r e n e  c o r e  have 
been e x t e n d e d ,  a s  in  t h e  e s t e r s  ( I ) and ( l l ) ,  compounds have  been 
o b t a i n e d  e x h i b i t i n g  e n a n t i o t r o p i c  mesophases  o ve r  t e m p e r a t u r e  
r a n g e s  o f  64 t o  92°G. I n d e e d ,  t h e  f l u o r e n e  e s t e r  ( i l l )  has  a 
s l i g h t l y  h i g h e r  N->I t r a n s i t i o n  t e m p e r a t u r e  ( 178-179°C)  t h a n  t h a t  
of  t h e  a n a l o g o u s  b i p h e n y l  e s t e r  MB55 (W-^I 1 7 6 -1 77 ° G) .
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n - C  -j C O O R ( I I )
n -  C g 1 C 0 0 - < (  ) ) - n - C g H i ^  ( I I I )
n — C O O n -C gH '] ' ]  M B 5 5
The b r o a d e n i n g  e f f e c t  o f  t h e  me th y l en e  b r i d g e  i n  t h e  f l u o r e n e  
co r e  w i l l  be l e s s  f o r  t h e s e  l o n g e r  m o l e c u l e s  when compared w i t h  
t h e  s h o r t e r  a l k y l c y a n o f l u o r e n e s , and t h e  l e n g t h  : b r e a d t h  r a t i o s  
f o r  t h e  e s t e r s  ( i l l )  and MB55 a r e  p r o b a b l y  v e r y  s i m i l a r .  The 
s m e c t i c  p h a s e s  o b t a i n e d  f rom some o f  t h e  f l u o r e n e  e s t e r s  ( I ) and 
( l l )  a l l  gave f o c a l  c o n i c - f a n  s haped  t e x t u r e s  which a r e  t y p i c a l  
of  t h e  s m e c t i c  A s t r u c t u r e .  The c o n t a c t  s t u d y  c a r r i e d  o u t  on 
t h e  a l k y l c y a n o f l u o r e n e  and a l k y l c y a n o b i p h e n y l  m i x t u r e s  (FI  and B1 ) 
in  a s c e r t a i n i n g  t h e  t e n d e n c y  of  t h e  m i x t u r e s  t o  form i n j e c t e d  
s m e c t i c  p h a s e s  ( s e c t i o n  5 . 2 )  i n d i c a t e d  t h a t  u n d e r l y i n g  s m e c t i c  
p h a s e s  would n o t  be a p rob lem f o r  e i t h e r  m i x t u r e  i n  a l i q u i d  
c r y s t a l  d i s p l a y .  The p r e s e n c e  o f  a m e t hy le ne  b r i d g e  i n  t h e  c o r e
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o f  t h e  m o l e c u l e s  does  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  t e n d e n c y  of  
t h e  compounds to  form s m e c t i c  p h a s e s .
The v o l t a g e  t h r e s h o l d  o f  t h e  f l u o r e n e  m i x t u r e  FI f o r  swi tch i ng  
i n  a t w i s t e d - n e m a t i c  c e l l  i s  s h a r p e r  t h a n  t h e  c o r r e s p o n d i n g  
t h r e s h o l d  f o r  t h e  b i p h e n y l  m i x t u r e  B1. In a d d i t i o n ,  t h e  r a t i o  
i s  l o w e r  f o r  t h e  f l u o r e n e  m i x t u r e  FI when compared t o  B1, 
and t h i s  p r o v i d e s  a r a t i o n a l e  f o r  t h e  s h a r p e r  v o l t a g e  t h r e s h o l d  
o f  t h e  f l u o r e n e  m i x t u r e  f rom t h e  r e l a t i o n
G oc 1
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where G i s  t h e  o n s e t  g r a d i e n t  o f  a c a p a c i t a n c e - v o l t a g e  c u r ve  ( s e e  
s e c t i o n  5 . 3 . 1 ) ;  t h e  o p t i c a l  t h r e s h o l d  i s  much more c o m p l i c a t e d  
b u t  u s u a l l y  seems t o  be a f f e c t e d  by t h e  same f a c t o r s .  However,  
a f l u o r e n e  m i x t u r e  such  as  FI  c o u l d  n o t  be u se d  in  a commerc i a l  
L .C.D.  b e c a u s e  o f  i t s  h i g h  v i s c o s i t y .  I t  was a l s o  f ound  t h a t  
s a mp les  o f  FI  exposed  t o  d a y l i g h t  ove r  a p e r i o d  o f  weeks became 
d i s t i n c t l y  y e l l o w  i n  c o l o u r  and showed a g r e a t e r  t e n d e n c y  t o  
c r y s t a l l i s e  a t  room t e m p e r a t u r e .  The me t hy l ene  b r i d g e  t h e r e f o r e  
seems t o  have  c o n f e r r e d  a measure  o f  i n s t a b i l i t y  t o  t h e  f l u o r e n e  
compounds which makes them u n s u i t a b l e  f o r  L.C.D.  p u r p o s e s .  I t  
i s  p o s s i b l e  t h a t  h y d r o g e n a t e d  d e r i v a t i v e s  o f  t h e  f l u o r e n e  
compounds would be more s t a b l e  and l e s s  v i s c o u s  t h a n  t h e i r  f u l l y  
a r o m a t i c  c o u n t e r p a r t s ,  b u t  such h y d r o f l u o r e n e  compounds,  which  
would r e q u i r e  t h e  a l i c y c l i c  r i n g s  t o  have a t r a n s - c o n f o r m a t i o n , 
have p ro ve d  d i f f i c u l t  t o  s y n t h e s i s e .  A p o s s i b l e  s o l u t i o n  t o  
t h e  s y n t h e s i s  o f  h e x a h y d r o f l u o r e n e  compounds i s  p r o p o s e d  i n  
scheme 8 - 1 .  The f i r s t  s t e p ,  a D i e l s - A l d e r  r e a c t i o n  o f  t r a n s - 
c i n na mi c  a c i d  (IV) w i t h  a 2 - a l k y l b u t a - l , 3 - d i e n e  ^ ( V )  may g i v e  
a m i x t u r e  o f  p h e n y l a l k y l c y c l o h e x e n e  c a r b o x y l i c  a c i d s  ( V I ) and 
( V I I )  b u t  t h e  1 - a l k y l  c y c l o h e x - l - e n e  i s o m e r  ( V I l )  i s  l i k e l y  t o  
be t h e  main p r o d u c t .  C a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  c y c l o ­
hexene  ( VI I )  g i v e s  t h e  c y c l o h e x a n e c a r b o x y l i c  a c i d  ( V I I I )  which  
i s  c o n v e r t e d  i n t o  i t s  a c i d  c h l o r i d e  ( I X ) .  The a c i d  c h l o r i d e  ( IX)
i s  t h e n  r i n g  c l o s e d  t o  t h e  f l u o r e n o n e  (X) by an i n t r a m o l e c u l a r  
F r i e d e l - C r a f t s  a c y l a t i o n .  The c o n v e r s i o n  o f  t r a n s - c i n n a m i c  a c i d
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( IV) and b u t a - 1 , 3 - d i e n e  ( ( V ) ,  R=H) i n t o  t h e  h e x a h y d r o f l u o r e n o n e  
( ( X ) ,  R=H), by t h i s  r o u t e  has  a l r e a d y  been r e p o r t e d  by H.O. House 
e t  a l .  ^ These w o r k e r s  found  t h a t  e i t h e r  c i s - o r  t r a n s - h e x a -  
h y d r o f l u o r e n o n e  ( ( X) ,  R=H) were  t h e  main p r o d u c t s  o f  t h e  F r i e d e l -  
C r a f t s  r i n g  c l o s u r e  o f  t h e  a c i d  c h l o r i d e  ( ( X ) ,  R=H) d e p e n d i n g  on 
t h e  r e a c t i o n  c o n d i t i o n s .  However ,  t h e y  c o n c l u d e d  t h a t  t h e  
c i s - i s o m e r  i s  t h e  more s t a b l e  and e q u i l i b r a t i o n  o f  e i t h e r  i so mer  
i n  b as e  gave a m i x t u r e  c o n t a i n i n g  o n ly  ca.  15^ o f  t h e  t r a n s - 
i s om er .  Hence r e d u c t i o n  of  t h e  h e x a h y d r o f l u o r e n o n e  (X) s h o u l d  
be c a r r i e d  o u t  i n  a n o n - b a s i c  medium t o  p r e v e n t  é p i m é r i s a t i o n  
t a k i n g  p l a c e  ( e . g .  t r y  Clemmensen r é d u c t i o n ) .  The r e s u l t i n g  
h e x a h y d r o f l u o r e n e  (Xl)  c ou l d  t h e n  be s u c c e s s i v e l y  b r o m i n a t e d  and 
c y a n a t e d  t o  g iv e  t h e  r e q u i r e d  a l k y l c y a n o h e x a h y d r o f l u o r e n e  ( X I l ) .
The e f f e c t  on mesogenic  p r o p e r t i e s  o f  i n c o r p o r a t i n g  a 
me th y l en e  b r i d g e  i n t o  t h e  b i p h e n y l  co re  o f  m o l e c u l e s  has  been 
d e t e r m i n e d  f o l l o w i n g  t h e  s y n t h e s i s  of  t h e  2 - a l k y l - 7 - c y a n o -  
f l u o r e n e s .  An e v a l u a t i o n  of  t h e  e f f e c t  on mesogenic  p r o p e r t i e s  
o f  r e p l a c i n g  t h e  me t hy l en e  b r i d g e  w i t h  a c a r b o n y l  b r i d g e  was 
a l s o  s o u g h t .  A t t empt s  t o  p r e p a r e  f l u o r e n o n e  a n a l o g u e s  o f  t h e
2 - a l k y l - 7 - c y a n o f l u o r e n e s  have  f a i l e d  s i n c e  compounds of  t h e  t y p e
2 - a l k y l - 7 - b r o m o f l u o r e n e  a r e  d i f f i c u l t  t o  o x i d i s e  s e l e c t i v e l y  a t  
t h e  m e t hy le ne  b r i d g e .  A s y n t h e t i c  r o u t e  was t h u s  d e v i s e d  
(scheme 8- 2)  l e a d i n g  t o  e s t e r s  of  g e n e r a l  s t r u c t u r e  (XVIl)  and 
( XVII l )  which a r e  i d e n t i c a l  a p a r t  f rom t h e  r e p l a c e m e n t  o f  t h e  
m e t hy l en e  b r i d g e  i n  ( XVII l )  w i t h  a c a r b o n y l  b r i d g e  t o  g i v e  t h e  
f l u o r e n o n e  compound ( XVI l ) .  2 - B r o m o f l u o r e n e  ( X I I l ) . w a s  a c y l a t e d  
t o  g i v e  2 - a c e t y l - 7 - b r o m o f l u o r e n e  (XIV) which  was t h e n  c o n v e r t e d  
i n t o  t h e  a c i d  (XV). The a c i d  (XV) has  t h e  m e t hy l en e  b r i d g e  as  
t h e  o n l y  s i t e  a v a i l a b l e  f o r  o x i d a t i o n  w i t h  sodium d i c h r o m a t e .  
However,  r e a c t i o n  o f  t h e  a c i d  (XV) w i t h  sodium d i c h r o m a t e  r e s u l t e d  
i n  t h e  f o r m a t i o n  o f  an i n s e p a r a b l e  m i x t u r e  o f  t h e  s t a r t i n g  m a t e r i a l
(XV) and t h e  o x i d i s e d  p r o d u c t  (XVI) .  A t t e mp t s  to  o b t a i n  t h e  
r e q u i r e d  f l u o r e n o n e  e s t e r s  (XVIl)  by t h i s  r o u t e  were t h u s  d i s ­
c o n t i n u e d  a l t h o u g h  some a l t e r n a t i v e  methods can be s u g g e s t e d .
For  i n s t a n c e ,  i t  may be p o s s i b l e  t o  o b t a i n  t h e  f l u o r e n o n e  a c i d
(XVI) d i r e c t l y  f rom t h e  a c e t y l b r o m o f l u o r e n e  (XIV) by o x i d a t i o n  
w i t h  a l k a l i n e  h y p o c h l o r i t e  s o l u t i o n  u n d e r  t h e  a p p r o p r i a t e  
c o n d i t i o n s  ( c f .  Hodson and B a t c h e l o r ,  ® c o n v e r s i o n  o f  2 , 7 - d i a c e t y l -  
f l u o r e n e  i n t o  f l u o r e n o n e - 2 , 7 - d i c a r b o x y l i c  a c i d ) .  A no th e r  a l t e r n a ­
t i v e  i s  p r o p o s e d  i n  scheme 8-3 where  t h e  b r o m o e t h y l f l u o r e n e  (XIX) 
i s  p r e p a r e d  by s u c c e s s i v e  a c y l a t i o n ,  r e d u c t i o n  and b r o m i n a t i o n  o f
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Scheme 8-2 c o n t i n u e d .
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f l u o r e n e  as  shown.  The r e q u i r e d  f l u o r e n o n e  a c i d  (XVl) may 
t h e n  be p r e p a r e d  f rom b r o m o e t h y l f l u o r e n e  (XIX) by o x i d a t i o n  
w i t h  aqueous  sodium d i c h r o m a t e  a t  ca .  250°C.  The c o n d i t i o n s  
o f  t h i s  l a t t e r  o x i d a t i o n  a r e  t h o s e  u s e d  by Fr iedman e t  a l . ^  
i n  c o n v e r t i n g  f l u o r e n e  i n t o  f l u o r e n o n e  (99# y i e l d )  and 3-  
m e t h y l f l u o r e n o n e  i n t o  f l u o r e n o n e - 3 - c a r b o x y l i c  a c i d  (88# y i e l d )
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